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Chapter I
INTRODUC1'ION

• • • • To enrich the quality
of life, education must
generate curiosity, creativity
and compassion.l
Albert Baez
I

do not intend to present this work as an

exhaustive and unmodifiable dissertation about the use of
audiovisual media in physics teaching.

At the same time,

· I do not intend to present the video-tape as the best

approach and last word in educationa l technology.
this is not my objf:.ctive:
video-tape as

anoth<~r

No,

My obj e ctive is to use the

medium

along with overhead

· projector, textbooks, guides of apprenticeship, pictur e s ,
lab equipment and suggestions from the programs and nm.;
trends in physics teaching -- being used . to supplemf=.mt
our efforts in trying to reach more and more of our
students.
The use of audiovisual media, and generally
spt?:aking the use of technology in education, can be
constructive or destructive, can be very pmverful in _
1

Adapted from Innovation i n Sc i e nce Educ at i on t1orld t,jide, to be publishe d by UN"If.SCO 1n 1976.
----1
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developing "human beings" or "robots", can increase the
rate of apprenticeship, or can produce an, educational
catastrophe.

However, it will heavily depend on the

professor, on the role that he assigns to himself in the
educational processw on the goals and objectives that he
forsees for himself and for "his" students.
As we will see in this work and in the books
and papers about educational technology mentioned in the
references and in the bibliography, there exists
modern apparatus or equipment with multiple uses, some of
them very expensive, others with moderate price tags that
we can use with an infinite gamut of possibilities.
Generally speaking these apparatus are known as
"multi-media".

Ke ean combine and use them as we

please-! to produce all kinds of effects and consequences.
In doing this work I used the facilities and
equipment that were available through the Physics
Department of the University of the Pacific.

I used my

desires to become a good educator in Physics and, of
course, I used the resources, encouragement and guidance
of a great professor, Dr. Andres Rodriguez.
Daniel Behrman's words "To put it

anothr~ r

\>lay,

in educational technology the education is more important
than technology"2 are the basis of my work.

2see references in Chapter II.

3

In spite of the fact that

tel~vision

is one of

the most relevant audio-visual media because of its
accessibility, we confront the astonishing problem that
the potential values of it in education have not been
recognized or developed. In my '¥ray of thinking there
exist several reasons why this happened.

Most of the

objections to introducing it into the educational context
are by teachers and administrators in the educational
system.

They present objections based on . the argument

that "the technology is not humanistic and that we are
loosing day by day our human values for the sake of one
mechanized society."
It is obvious that we are living in a society
of advan6ed technology, but we cannot only think
pessirni'Stically, but rather in terms .of better resources
for the administrator and ·teacher.
machine . usage in order to help

a

We have to master
student

develop a

good understanding of the modern world of which he is a
part.
Other objections presented by the professors are
that the video tape, and in general the audio visual
media, have to be used in 'the elementary school (with
children) instead of used at the university level.

The

argument that they present is that at university-level,
students should have the mental level of abstraction
sufficiently developed to learn from their conferences or
their lectu res .

Many professors believe that because

4

they have a good command of the subject, they knm" how
to teach.

It is easier to give a conference than to

use instructional media.

The instructional media do not

save time: the professor has to take an active and
effective part in the development of the class.
The use of video-tape is a challenge for us
because it suggests reorientation of the philosophy and
method to put the emphasis on learning and the learner,
rather than the present emphasis on the teacher and on
administrative procedure.

There are many varieties of

instructional television lessons, each one demanding
different activities on the part of the teacher using
the medium, and some professors are not ready to meet
the demands.
·Ariother argument presented by professors and
administrators is

th~t

the use of video-tape encourages

the loss of student identity.

Based on my experience

as a teacher, I believe that the use of video-tape allows
· for a greater individual basis of instruction for the
student than would be possible in the present overall
educational system.

Of course, it depends on the teacher

and the approach that he uses.

In our case, the video-

tape helped us tremendously to have tight ties with the
students because our approach facilitates contact with
them and allows us to follow them in t .heir scientific
development.
Looking at the

p rec e dinq

arguments we guess tha t

5

innovation upsets the entire applecart.

Teachers have

to relearn how to teach, and administrators have to deal
with

en~irely

curricula.

new methods, materials, facilities, and

However, some administrators are more likely

to be in favor of the use of instructional television .and
instructional technology than teachers are.3

It has been

said that both teachers and administrators do not want
to see diminished the role of the professor, but in our
case we have not subordinated the role of the teacher,
we have transformed it.

It still needs to be emphasized

and reemphasized that television does not teach.
TEACHER TEACHES, the student learns.

THE

The video - tape

is a medium.
This work is designed with the

d~sire

to convince

the administrator, the teacher, and the student that we
can understand and integrate television in the context
of our educational needs and, in this specific case, in
the needs of our laboratories.
video-tape only to present

We don't want to use the

materi~ls

most effectively,

but t .o provide experiences4 as well as information to

3

January, 1976, I assisted in a workshop of
S.C.I.S. at the .Lawrence Hall of Science, in which four
principals of schools located in Phoenix (Arizona }
participated, and they explained that there are teachers
under them who resist progress in educa tion.
4 see in Chapter IV our approach to exper iences
of apprenticeship.
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help the student to think rather than memorize or collect
data in the laboratory.
I must say that the video- tapes made in the
development of this work done by beginners pin one's
faith on the fact that our students will learn how to
think, not how to regurgitate facts.

In the same w1ay

that the video-tape does not replace the teacher, teacher
and video-tape together do not replace

tl~e

direct

exposure of the student to physics in the laboratory.

Chapter II
EDUCATION l'>..ND TECHNOLOGY
• • • • • the media are not. the
message. To put it another way,
in educational technology the
education is more important than
the technology • • • • • • • • •
(Daniel Berhrman)
II. 1.

1

Impact of the Media on Educa tion
December 3, 1942, nuclear f ission "Y.ra.s controlled

and the first nuclear reactor worked in Chicago under the
dir e ctioh of Enrico Fermi.
May 20-21, 1927, Lindberg flew solo across the
Atlantic.
December 12, . 1901, Marconi received signals in
Newfoundland from Poldhu, England.
They represent three great revolutions of this
.

.

.

.

century--energy, transportation, communications--that were
synthes ized on July 20, 196~ when man first stepped on ·the
moon_,and nearly two billion people participated in a
historic learning experience
and visual me thods.

by a combination of audio

These methods are what we call media.

1

Berhrma n, Daniel . L~a n's ImJ2ie ss ions of the
Mee ting: Ne\v Tre nd s i n the Utili zat ion o f Ed uca tional
Techno! o qy f o r Science Ed ucation. Pa ris: The UNESCO
P ress , 1974 ( p g . 11).
7

---
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If we analyze how we used to study the moon
during our school years, we will find pictures, diagrams,
and models that our teachers used in class to allow us
to obtain a basic knowledge of our natural satellite.
Now we have better pictures, television, audio messages,
tape recordings, and specimens that help us to teach
the same subject.

With these facts in mind, and because

we are twentieth century educators, we have to reevaluate
the methods of teaching and learning.

This implies that

there has been a profound regeneration in . the organization
of teaching and especially of science teaching.
At the end of World War II, science and technology
made big strides, and professors and teachers at all
levels had to realize that the traditional methods of
teaching were no longer sufficient for good education.
The cities grew larger, tnore people had access to
higher education, and the traditional chalk and black-board had to be replaced or at least aided by modern
t~aching

aids such as overhead projectors, slides, films

and so forth.
In the early 1950's teachers started to receive
some specific instruction in the use of audiovisual
materials and other nonverbal communications media that
were increasingly coming into use.
us~

An evolution in the

of media effectively started to shape-up.

Educational

technology was called on to try to produce the ideal

9

strategy, combining the b est e l ements · of the seminars,
lectures, computers, e t c . and to supply "various forms
of learning media tha t d o mo.r:e t han stimulate, that are
sensitive to and adj u s tabl e •.. o the learning needs of
each individual."
II 2 Media Cla ssif i c ation
Several-schemes ·h ave been adopted for media
classification : howEVl?.r •· J:.re "Wi:ll consider three main
groups follo~n~ B erms~' s 2 :appr oach.
II 2.1 General Cat.·e ,g.oJ·:i . .$_
"In physics a mea ..:mn . .is defined as an intermediate
substance through 't\rhich a :f ·:;rce acts or an effect is
produced.

In

inforrnati~on

:theory the term is extended to

mea.n an agency through which i nformation is transmitted."
·A basic definition of media might be made by a
separation according t o .the stimulation of sense organs,
so that we may speak of tactile media, olfactory media,
etc., but in education

~:ve

us e the term audiovisual media.

Finn 3 categorizes media by the follm-ring scheme:
1.

Tool leve 1: ~ · · ;·Devix.:·r=·:·s · t hat help the teacher to

2 Berman ,. Arthur I . Le c.;r ning Media, Theory,
Selection, and :Ut.:i. li:z:ation.-..:in • Sc ience Education (presented
at meeting of "Uti. li:zat.:i.o n en ·. Educational Technology in
the Imp rovemen·t o f . :.Hc ,i.ence :J~~i.lu.ca tion,., Paris, September,
1972).
.
. .
.
o

I

. ~4

3 Finn, Jame s o. "A.,P~ s s ible Model for Considering
the Use of Me dia in Higher Educ ation", AVCR, 15, 1967,
pg 153-157.

--..

,
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. .continue his normal teaching operations.

2.

Data level.
Information storage devices (microf1lm, video tape, E.V.R. cassette, etc.).

3.

Behavioral
devices.

4.

Meaninq level. Devices that relate to meaning
(motion picture films, slides, et.c.) •

5.

Research level. Devices for research activities
(dialect recording, high-speed photography, etc.).

6.

~terns level.
A media package, such as computer
based learning, to achieve precisely defined
objectives.

co~~rol

level.

Programmed learning

Berman4 divided the educational media into low
and high technology domains.

In his classification he

considers the economical factor and the influence of the
teacher.

Thus, a "low-technology" medium is relatively

inexpensive, and a "high-tech.nology" medium is relatively
expensive.
In "low-technol6gy" the medium is under direct
influence of the teacher, highly responsive to student
feedback, and 6an be edited by the teacher without the
(

r

aid of specialists (printed matter, programmed manuals,

:s

slides, overhead projectors) •

A "high-technology" medium

is relatively expensive, requires expert assistance for
information updating, and generally subordinates the
teacher's role (computer-based learning systems and
packaged video-courses, teaching machines, motion picture

4 Berman, Arthur ·r. Paedaoogica Europaea,
BrounschvTeig, Germany, Georg Westermann, 1972, pg 86-104.
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projections) .

Because of the overall cost and inflex-

ibility, high-technology media tends to develop a _greater
authoritarian bias.

The professor is not at liberty to

edit filmed courses.
II 2.2

An Educational Media

Ta~onomy

Rudy Bretz5 has introduced an alternate media
classification scheme that emphasizes the carrier and an
intermedia
i
ii

iii
A.

~pproach.

Real objects, people, and events, kinetic and
static.
Tactile representations, three dimensional
(e.g. ~tatues, raised maps, solar system model,
etc.).
Visual r~resentat~ons
Kine·t ic

1.

2.

Three-dimensional veridical:
(a)

Isomorphic sequential replication
(holographic) •

(b)

Stereoscopic sequential projections
(polaroid and bichromatic motion
pictures).

Two-dimensional veridical:
(a)

Continuous projections (overhead
projections with models or polarizeranalyzer pair) •

(b)

Sequential front or rear projections
(motion pictures and television) •

5Bretz, Rudy. ~-Taxc;nomy of Communication . Me dia,
Educational Technology Publ1cat1ons, Englewood Cl1 f fs,
New Jersey, 1971.

------------
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B.

3.

Three-dimensional diagramaticr (computergenerated and hand-animated stereoscopic
displays).

4.

Two- dimensional diagrarnatics
(a)

Continuous projections (overhead
projections with polarizer-analyzer pair).

(b)

Sequential front or rear-projected
animations (motion pictures, television,
computer displays).

Static
1.

Three-dimensional veridicalc
(a)

Isomorphic replication (holographic).

(b)

Integral photographic (lensets
and cylindrical).

(c)

Stereoscopic (polaroid and bichromatic
projections and bioptic viewers).

spherical

2.

Two-dimensional veridical: · (paper photographs,
single 1 duplicated and projected ~ rearillulninated transparencies, single-frame front
and rear projections).

3.

Three-dimensional diagramaticc
(a) · Integral photographic ( lenset 1
and cylindrical).
(b)

4.

spherical

Stereoscopic (polaroid and bichromatic
projections and dioptic vie,..,ers).

diagramatica (paper
drawings, single, duplicated and projected,
telescribing, rear-illuminated and
. transparencie·s , single-frame front and rear
projections and overhead-projected
transparencies) and programmed-learning
devices).
·
Two~· dimensional

iv

AuditQ£Y....E.eE_resentati.ons

A.

Non-verbal:
effects.

A..nalogic, music, tones, sound-

---------

I
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1.

Multi-channel sound (optical or magnetic film
tracl>;: tJ1rough theat re projection systems) o

2.

Quadriphonic sound (magnetic tape or phone
disc through four parallel amplifier-loudspeaker
units).

3.

Dual-channel sounds

4.

B.

(a)

Dichotic (tape, disc, or FM stereo radio
through dual amplifiers into stereo
headphones).

(b)

Stereophonic (same as (a) but into
stereo loudspeakers).

Monophonic sound (tape, disc, radio, and T.V.
audio into loudspeaker or headphones).

Verbala

v

Digital, narration, dialogue.

1.

Compressed or 'discerned' speech devices.

2.

Telephonic.

3.

Telegraphic.

Stimulationss Analogic and digital computer
stimulators(e.g., nuclear reactor simulator),
voice and music synthesizers, artifical taste and
smells, and games.
Medi~

II 2.3

Functions

Another way to classify the learning media is by
taking into account the definable functions they have.
i

ii

iii

Recording, to permit events taking place in the
present to be reproduced in facsimile at a later
time.
Display, to permit groups of individuals to
receive information at convenient times and
locations.
Manipulative, to permit the observation of
events which are normally unobservable to the
senses.

------
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iv

v

II 3

Stimulative, to arrange the environment
esthetically or otherwise uniquely in order
to increase motivation.
Evaluative, to interpret responses of students
in relation to a variety of variables including
personality and potential for learning, and to
permit teachers to evaluate their own performance
as well.

The importance of televi~ion in the Educational Context
As we can see in any of the media classification

schemes, movies and television are basically used in the
same instructional format.

In both of these the audio

and visual are totally synchronized.
may call audio-visual media.
· more dramatic inroads than the

This is what we

Television is able to make
pr~vious

media did •

. Television's development .in instruction was largely due
. to millions upon millions of dollars the Ford Foundation
put int6 instructional television and application.
Indeed, by the early 1960's there was already enough
valid research to show that students learn at least as
well from television, ·as measured by standardized
. tests, as do students in the traditional classroom.
As early as 1962 Wilbur Schramm, then Director
of Stanford's Institute for Communication Research, stated:
"There can no longer be any doubt that students learn
efficiently from instructional television.

The fact

has been demonstrated now in hundreds of schools, by
thousands of students, in every part of the United
States and in several other countries ••• "

Also in

15
another part of his article, h~ said:

"amploying the

usual test that schools use to measure the progress of
~ay

their students, we can

with considerable confidence

that in 65 per cent of a very large number of comparisons
between televised and classroom teaching, there is no
significant difference.

In 21 per cent, students

learned significantly more; in 15 per cent, they learned
significantly less from television."6
However, we have been content to use television
as reinforcement of materials and practices that, in
many instances, have little relationship to student
needs.

Television .in education is more than a machine.

It is more than

~

means for reinforcing or enriching

what already exists.

It is not a tool divorced from

learning and teaching, but is part of the entire process.
Television has the power to "affect" the "what is"
of education.?

The implications of the television are

great--the development of this media · has · changed . the .
total pattern of our

society~

It suggests an entirely

new physical approach to learning.

It is our own

responsibility to give our students a better education

6schramm, Nilbur.
"What we know about Learning
from Instructional Television", Educational Television:
The Next Ten Years. Stanford:
Institute for Communication
Research, 1962.
?Hilliard, Robe~t L. and Field, Hyman H. Television
and t.he Teacher. Communication Arts Books: Hastings
House Publisher s, New York:
1976.
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in accord with their needs and with the technological
advancements of this era.
We know that television outside of the classr oom
has created a new process of learning for every child.
By the time a child enters the first grade, he or she

has watched some 4,000 hours of television, bringing to
the first experience in formal education not only
information far beyond that · brought into the first grade
by the child of only 20 years ago, but bringing as well
a psychological set for learning oriented more toward the
visual-television-concept than tm-.rard anything else.
One statistic that gives us significant information
about the students that enter our universities is that
by the time they have graduated from high school they
have spent some 10,800 hours in the classroom and some
15,000 hours in front of the television set.
realize that technology

h~~

We must

changed the world, and the

teaching educational lag has some serious catching up
to do; television continues to stand out as the
principal medium.

I

Chapter III
CLASSIFICATION OF INSTRUCTIONAL

TEL~~ISION

"The solidification of a technological
society has taught us that we would do
better to master and use the machine
for humanistic purposes -- including
teaching and learning -- than to run
from or ignore the machine and let it
dominate us."l
III. 1.

Some General Considerations
It is obvious that in our modern world educational

television has made big strides in the teaching-learning
process.

Ho~1ever,

we have to be careful in using

television as the principal medium.

~7e

cannot "ignore

the machine", but at the same time, "we cannot let it
dominate us".
Albert Einstein, one of the greatest physicists,
in talking about the use of technology in education, said:
"It is in fact nothing short of a miracle
that the modern methods of instruction have
not yet entirely strangled the holy curiosity
of inquiry; for this delicate little planet,
aside from stimulation, stands mainly in need
of freedom; without this it go~s to wrack ~nd
ruin without fail".
These \'7ords make. one wonder if the usage of technology
in education might kill the "holy curiosity of inquiry."

1 Hilliard, Robert

New York:

r.. Television and the Teacher,
Hasting House Publishers, 1975.
17
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I believe, as stated at the beginning of this
introduction, that educational T.V. used in the right way
will open new roads in the educational process.

It is

very important to consider how and when we use it.

The

problem is not the media we use, but how we use the media.;
I do not think that television or machines are
substitutes for the teacher.

On the contrary, he/she is

a very important factor in education, but can we turn our
back to the usage of television in teaching-learning?

A

professor could be creative by taking advantage of modern
technology, using it in exploration, experimentation)and
discovery.
In this chapter I will attempt to classify
· instructional television according to the subject matter,
instructional purpose, number of persons it reaches, etc.
Ho\orever~

I will try to be more specific concernirtg

~ducational television in science.

: III.

:z.

Classification Qf Instructional Television
. Instructional television has been classified in

different ways;

howeve~

I will try to classify it

according to the way in which television programs are
distributed or "propagated", according to its instructional
purpose, according to the type of equipment being

used~and

according to the subject matter.

=~----

19
III. · 3. Distribution or
television

p~opagation

of instructional

Television programs are distributed through two
main avenues:

open circuit and closed circuit.

1. Closed · circuit television
In this system of propagation or distribution,
the television signals are distributed from a source to
the reception point, through a network of coaxial cables.
Closed circuit television could be used in one classroom
or in a group of classrooms, and sometimes many schools
are interconnected by closed circuit T.V. · An advantage
of this system of distribution of instructional television
is the high quality of reception that can be achieved.
Also, it demands a limited broadcasting technique '"hich
requires relatively simple standard equipment.
Hundreds of North American and European schools
use closed circuit television instruction.

Typical

examples could be found in Hagerstown, Maryland, Charleston,
South Carolina, Colombia; Munich, Germany, London, England
and cities in France.

In many cases the programs are the

result of teams of teachers working together.

Hmtever,

as we mentioned before, the use of closed circuit
television could be restricted to one classroom as we
intend to do.
The installation usually consists of a earner~
that can be used in horizontal position, a lens (on which

20
the quality of the whole installation depends), a receiving
set and a video tape recorder.

With an installation like

this the teacher has a collective magnifying glass which
enables the class to observe photographs, transparencies,
maps, microsections, etc.
The camera can easily be adjusted to a microscope or can reproduce the screen of a cathode-ray tube.
Dynamic phenomena can in some cases be recorded and
reproduced

py

means of . the video

tape~recorder.

The

apparatus presents no particular problems as to use and,
as we said before, does not demand a specialized staff.
Moreover, for effective usage, there must be a competent
and dynamic teacher on hand.

However, instructional

T.V. is being used more and more for teacher-training
_programs rather than anything else.
2. bpen circuit television
In this system of distribution the signals are
broadcast
into the atmosphere, and they are received by
antennas at the reception points from which signals are
led into classrooms, homes, etc.

Because of its scope

and complexity, open circuit T.V. requires the assistance
of professionals -who work in close collaboration with
teams of educators.

They may broadcast, forming an

integral part of an educational system that has been
completely designed with the idea of using the television
medium (the open university is at the moment the most
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striking example) or supplementing and illustrating the
traditional lesson.

We will not go into further detail

about open circuit television because its implications
are not very important for our present work.
Recently a limited broadcasting technique has
been developed.
transmission.

It is the 2500 megahertz microwave
It is more flexible than closed circuit

but less universal than open circuit.

To use this

technique it is necessary to apply for special permission
to the Federal Cormnunications Commission.
III. 4. Instructional Purpose
Only in a very fe\-r cases may the television alone
be sufficient.

In almost all classes it is required

that an active and thoughtful professor be present to
participate in

diffe~ent

learning process.

ways in the educational or

It's important to realize that the

v~riety of activities is required rather than the amount

of ~ctivity.

The materials produced serve different

purposes according to the role adopted by the teacher.
a) Total Instruction
This kind of instruction is often responsible for
a particular subject.

The lessons are complemented by

texts and workbooks, and the students attend the prepared
lectures that are new for them several times during the week.
If one school has some qualified teachers in a
particular subject area and a large number of student.s,

-==----=~---=----~---~~---=----~~--~----=---~~---- --~----
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they can use this approach as they are doing in Hagerstown,
Maryland.

If the curricula presents difficulties at

times, the use ·of total instruction helps to standardize
a particular curriculum because all the students will
receive exactly the same material, in the same order,
and at the same time.
In this type of instruction the -professor's
philosophy of education plays a very important role.
He/she can be static in the class, or he/she can help
students having individual problems, or those who need
special feedback.
b) As Segments of a Course
This approach is used more often when the
materials, situations, or personalities are not available
to the classroom.

The professor in the classroom is

responsible for the remainder of the material.

One

example is a corirse of functional English for foreign
students in which the television is used to present
actual situations of persons buying in a _market (purchasing a car, etc.).

After this presentation the

professor will conduct the class again and will explain
grammatical concepts, etc.
c) As Special Material
It is used only to meet a special requirement of
the curriculum.

The

prof~ssor

----===---- - - --------==- - - - - - -

can bring to the classroom

-~~---=-~----==---------
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special material such as complicated scientific
demonstrations
d)

and artistic representations.

J\..s Supplemental and Enrichment Material

These terms "supplemental" and "enrichment" are
used because these materials usually are not designed to
meet the specific curriculum requirements but play a very
important role in methodology.

For instance, some

educational programs offered in public television ·.
will help the student if the teacher selects them
carefully.
Whatever the instructional purpose for which we
use television, we have to admit that it is a very
important: part of the educational process in this century
and that we cannot ignore it.
III. 5.

According to the ~ Qf . Equipment !3eing

Uri§.fl

The growing need for scientific training due
·essentially to the evolution of the modern vrorld and the
rapid spread of education, has been analyzed and is now
widely recognized.

In the faceof that need, it would seem

logical to lean heavily on the most modern educational
technologies

and in particular to make a "ridespread mass

use of television techniques.

Instructional television

is a multimedia learning resource, and it can be used in
different ways.

The use of television is changing ,.fith

the times, because day by day the technology advances, and
the targ(::t population can range from the developed t:o the
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developing countries; from millions of persons to one
person; from students of languages to students in science,
etc.
For this reason, educational television could be
classified according to the equipment being used.
a) Broadcast
This is the most familiar means of dissemination.
A television station, either commercial or public/
educational transmits a signal which can be received by
anyone who has access to a T.V. receiver in the signal
area.

In the production of these programs a large

amount of money is involved, including the cost of
persons and equipment.

They use more than two cameras,

the .mixers of signals, special studios, etc.

The signal

can be sent direc·tly through a network, translator, etc.
The bycicle is used normally when there are no translators
in certain regions or countries and where the signal
is not received.

b) Video-Tape
It is based on the need to record on tape, to
distribute programs by mail or other surface means, and
then to televise again.

In places where the signal cannot

come directly, use of video-tape is common and widely
spread.

Several schools "lith closed circuit television

started to produce their mvn programs according to their
mV"n needs.

Basically the video-tape {V . T.R.) per mits the

25

user to record for later play back of both images and
sound on tape.

This vision and sound recording technique

makes it possible to video-tape anything and play back
immediately

or to store for later reference and use.

Dynamic phenomena can be recorded, taking into account
that the apparatus presents no particular problems as
to use and does not demand specialized staff.
very important for it to be used carefully.

But it is
First, there

must be a competent and dynamic teacher with the interest
necessary to open new ways for the students.
The video-tape commonly consists of one camera
that is small and easy to operate, a recorder in which the
ribbon runs like in a tape recorder, and a monitor
connected to the recorder in which the image that is taken
by the

~amera

appears on the screen in such a way that the

staff can control the quality of the video and audio.
It has other advantages such as being portable; as we
mentioned, this is a multimedia and is what we used in the
development of this project.
We believe that recording on video-tape can
provide the most authentic audio-visual feedback and at
the same time reduce natural conflicts and stimulate
discussions arising from the different perceptions of
identical situations.

The situations can be examined and

analyzed many times, and the student has greater potential
for resolving the difficulties.
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. c)

Video-Cassette
A very recent development that is a workable and

efficient alternative to open reel V.T.R. recordingplayba.ck is the "video-cassette" system.

It has all of

the advantages of the V.T.R. but present more facilities
inits use because it is more portable than V.T.R.
It is essentially

similar to the audiocassette

in being portable and carrying its own materials (i.e.,
independent of a central transmitting station).

It would

play a somewhat similar role to the audiocassette, but
with an added dimension.
The cassettes, which run up to 60 minutes may
be in color or black and white.

I

All that is necessary

is a video camera and a special recorder play-back that
immediately produces cassettes of 1/2 inch or 3/4 inch
videotape.

The recorder-playback or a separate player

unit is connected to the antenna input of the television
set. · Also, films and videotapes in other forms and sizes
may be rapidly and inexpensively converted to cassettes
that can be shown in this way.

offer

Like the videotape they

new ways limited only by the imagination of the

teacher.
Our work could be done by using video-cassettes;
however> we did not have these facilities in our
institution, so we had to use the videotape t.echniques.

--=----==c.---------
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d)

Electronic Video Recorder
This is another recent development in television

recording.

The commonly called EVR is a system in which

pictures and sound are stored for later
film slightly less than
in a small cassette.

playbacl~

on a thin

3/8 inches wide, packaged neatly

The film is usually divided into

two parallel channels, each with its own magnetic sound
track.
But EVR is not the same if we use it in color or
in black and \'Thite.

In the color. EVR, one channf!l is used for

image information and the other for color information.
In

black and

white;

however, each channel may be

used for separate programs.

The synchronization .· is

· different than the other motion picture films because it
· doesn't . have ••sprocket" holes, but · it has some optical
marks itself.
The basic difference between VTR and EVR is the
·stage of original recording.

The VTR can easily be used by

professors and students, but the ·EvR needs to be
done carefully and controlled under laboratory conditions.
' e)

Two-Way Cable
This is one of the most sophisticated

~ethods

in

educative technology--a method in which each student has an
individual screen; this eliminates the need for using the monitor
one at .a time. · Nith the addition of

a

computer the student not

only receives a signal but also sends one back in
response to the material that he received on the s creen.
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A computer based on the response

displays on the screen

the most appropriate instructional segment from the
computer bank materials and variables far beyond the
capacity for storage of any one or several teacher's minds.
Video-Disc

f)

The most significant AV (audiovisual) development
of 1975 is without any doubt the video-disc, however we

do not have enough information because it is still in its
primary steps.
III. 6.

Uses of Instructional Television
The value of television as an instructional

instrument has been demonstrated at all educational
levels.

The list of subjects in which educational T.V.

has been very effective includes& .
Arithmetic
Algebra
Geometry
Calculus
Accounting .
Consumer
. Mathematics
Humanities
Art
Music
Philosophy
Literature
Spelling
Physical Education

Physics
Chemistry
Biology
Physiology
· General Science
Engineering
Psychology
Reading
Writing
Social Studies
Health and Safety
Driver Education

Psychology
Sociology
Anthropology
Government
History
Economics
Electronics
Spanish
French
German
Russian
English
Typing
Slide rule 2

We have to consider that if the student is to
understand the modern world and play his full part in it
2

Schra m, Wilbur. Hhat ,.;e .!S..l2.2}f..about Learning____from
Ins t ructional Te levisi on, Stanford: Institute for
Commu-nication P.esearch, ( 1962).
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he/she must have a more thorough grounding in science than
ever before.

But how, in this setting, can educational

television be used?
Each discipline has its specific teaching methods
and coordination of · the work.

Multiple programs are

developed in different countries with the objective of
bringing to the students, and in general to everybody, the
knowledge necessary to help them develop their
capabilities.

Most of the programs are oriented (very

sadly} only to elementary and high school education.

A

few exceptions like the Open-University in England and
others

are oriented toward higher education.

The programs at univ.ersity · level

are

oriented

almost in their totality to training professors (self. viewing, micro-teaching, etc.) •
Among the countries that are using

instructional

·. television in addition to the United States, we can
mention the United Kingdom, Canada, Democratic Republic
of Germany, Israel, Sweden, France, Italy, Soviet Union,
· Niger and the Ivory Coast, Federal Republic of Germany
and some of the countries in the Third World in which the
traditional educational system has not rea ched a degree of
development sufficient to meet national requirements.
In the Federal Republic of Germany the
instructional T.V. programs are mainly sponsored by
Volkswagen and the State of Bavaria.

In 1969 they started

- - ---===-----=-"----~ --=~----==-----'=-'--
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a very interesting program consisting of 468 les s ons
distributed in this way:

78 mathematics, 63 phys i cs,

13 chemistry, 13 biology, 26 technical drawing, 13
electrotechnics and 13 industrial chemistry.

The

students meet Saturdays in a place close to their
homes, and a professor guides the discussions, solves
problems, tests students, etc.

From 3,000 persons

enrolled in 1969, only 3.5% were reported as failing
the course.
In France the programs are sponsored directly
by the Ministry of Education, and they are looking
for new roads in this area.

Niger and the Ivory Coast

started the program in elementary education between
1971 and 1972.

The Universities of Quebec, Rabat,

Abidjan, and Clermont for example used instructional
T.V. in the training of teachers.

In Sweden they started

one program that was designed to train 10,000 teachers,
including 4,000 in mathematics.
But undoubtedly the largest project involving
educational television is the Open University in
England.

In the year 1970, 72,000 students wanted to

be admitted, but · only 25,000 were enrolled.

It u s es

all the multimedia integrated in such a way that its
effectiveness in teaching is e x traordinary.

Analyzing

this project alone we can find out how through acombina tion
of technology a nd multimedia \..,e can attain a good edu c ati ona l l e v e l.
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It is a complex and marvelous program, but

\\;e

will not go into

detail here because our purpose is to give a general approach
to the different uses of instructional television in different

areas.

However, I thirik it is necessary to mention that out

of all the programs and projects
this one is,

. ~to

jn_ technological

education,

the best of my knavledge, the rrost interesting

approach in the use of rtodem media to prorrote and enrich
education at different levels.

we

cannot forget that the instructional television

played a great part in the developrrent of the Soviet Union
in vlhich the factOries have special teaching laboratm:y facilities
in which viewing roans are set aside for the reception of
educational broadcast.

'Ihe Soviets impart higher education, and

the students rray be given 30 or 40 days extra paid holidays each
for studying through television; also they receive four rronth's
paid leave for preparation of their final year thesis.

However, as

I rrentioned before, the rrajor anphasis in educational television
is . placed on training, because it has been said that teachers
teach in the sarre way as they themselves were taught.

TI=acher' s

educational programs which utilize educational technology
should serve a dual purpose.

First, they should increase the

efficiency and effectiveness of the instructional and educational
process in the program.

Second, and rrore crucial, a program

for "teacher's teaching" should itself be a m::xlel for teaching
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everybody the most effective and most innovative
procedures and concepts of instructional technology.
There are several techniques used in training of teachers,
like simulation, self-evaluation, micro- teaching, etc.
Many

countries

education

have adopted

in their

system of

school programs that contain the use of

video-tape for their teacher students.
United States one of "the

In the

most famous programsi

the "Model Teacher Education Project" initiated .
by the United States Office of Education in l967J opened
new roads in colleges and universities and gave
additional momentum in the area of teacher training.
For

example, the -minicourses

which are being

developed by the Far West La boratory for Educational
Research and Development in Los A-ngeles, California,
utilize a basic microteaching technique.
The student teacher gives a class to a small
group of students and the class is recorded by a videotape, after that the student himself and maybe other ·
students-teachers and

the

professor too, analyzed the

class, defects, ornmissions, etc. and the student repeats
the performance with other groups of students repeating
the process until the studentjprofessor improves in the
class.

This micro-teaching technique has been developed

over a number of years and has been field tested s e veral
times.

In the simulation technique, a classroom problem is

pre sente d and t he subjects are requested to act and solve
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the problem in the best possible way .with the subsequent
feed-back of colleagues and professor.
· cruickshank and Broadbent developed between 1967
and 1970 a package containing written and audiovisual
material describing a classroom setting i.n which they
adopted

am~

developed their own "Teaching Problems

Laboratory."
The television is used not only in developed
countries for the training Of teachers.

Dwight Allen,

G. Dalgalian, Evance,and their colleagues published
reports about experimentation with microteaching in
developing countries.

They think that it appears that

these attempts were successful, but most of the observers
involved in international education have been skeptical.
By my mm experience, I think that microteaching

education is a big asset in training
countries.

professors in our

Almost at the same time that the techniques

of microteaching simulation

and self-view evaluation were

developed in this country, we started to apply them too
in our Schools of Education in Colombia, South America.
In Javeriana University in Colombia under the
direction of Alfonso Quint.ana, Martha de avell~ and
Armando Vargas, "the st.udents of education were well
trained since 1968,

in

the use of video-tape to confront

the problems in the classroom.

But this training not only

was used 1vith the regular students in the School of
Education but also with teachers already working at

I
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primary; seconda.ry1 and even un i versity level who c ame t .o
our institution to take specia.l courses in Net.hodology 1
audio-visual aids, etc.
Right nm•l the School of Education of the University
Javeriana sponsors a program for training

teachers

through the National Television channel with the addition
of other multimedia systems; at the same time seminars
are being offered for training pro.f essors at university ' level
-- professors coming from several universities in the _c ountry or
from other departments of the Universidad J·averiana.
At this time I must mention that the use of
I. T.V. and especially of video-tape or video-:-c.assette i ·s not
limited only to this :area. .It

ca~

pe u,_sed .in -:many ways,

such as ·fur students of d;rama, _ ballet, music, · etc. because
they want to appraise and evaluate their own performances
inunediately.
A special adaptation of this technique has proved
useful in teaching languages to hearing-impaired learners.
One of the most successful attempts was done by Ralph
.

Whit~

s.

.

director of Speech through Vision project of the

Clark School for the deaf in Northampton, Massachusetts,
In medicine the use of t he V.T.R. plays an important
role, espec·ially in the therapy of persons emotiona lly
disturbed where creative sociodr amas are videota pe d for
later playback, creating an innovative situation in which
were

found real insights into future behavior o f the

pati e nt.

One e xcellent inve stiga tion in this a rea was done by
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lbbert H. Geertsrrrl and lbnald S. Reivich, M.D.; their work
summarized in an .article published by the Journal of Nervous
and Mental Disease under the narre of "Externally .Medicated SelfObservation" (Vol. 148, No. 3, 1969).

Other experiences are

performed at the Hawaii State Hospital, and at Hawthorne Cedar
Knolls School in Hawthorne, New York with teenagers that are
emotionally disturbed.
·aere we must mention programs broadcast by OCTV
suc..l. as "Sesame Street" and "'Ihe Electric Company" or "carrasoolendas" that prcduced a big irrpact in education in pre-school education.

esr::ecially

The prcducers use all kinds of audio-

visual media and ccmnunication devices to prcduce rapidly paced,
changing, attention-sustaining experiences for children.

The results

in learning gains are uniquely positive.
In the teaching of geography, history, anthropology,
archeology, lTV presents a great advantage because the students
can see places, observe situations
caimot describe..

that any book or any picttire

One experience in Social Science is done in .

the new television series "Exploring South Arrerica" in the .V\Testern
Instructional Television of Los Angeles under the direction of
Charles N. Quigley.
The Instructional Television is very valuable in the
study of Biology because the students have the access to the
wide kingdom, the animals, plants, etc.
arrong the multiple uses of the lTV,

And finally

I must men-tion that
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it is used in the training of military personnel in places
like Fort Mor mouth in ·the United States.

Chapter I.V
ID DID, HOW ID DID IT
AND WHY I . DID IT

~AT

The teacher, says, of science,
must remeinber . that ~ though as ·a
teacher he may be an artist,
he is at the same time a
scientist. He must approach
the subject matter in his field
always in the latter capacity.
Without that appraoch the
presentation of that subject
matter to his students as an
artist; without that approach
he can scarcely become a
successful teacher.
F.K. Richtmyerl
In the previous chapters I considered videotape as a multimedia and as an educational aid.

As I

mentioned in the introduction, I tried to adapt the
video-tape to the educational needs of the Physics
Laboratory.

The purpose of this chapter is to give a

description of what I did, hm-1 I did it, and why I
did it.

I should point out that none of the persons

that assisted me in this work had any previous experiences
in producing video-tapes.

1 F.K. Richt.myer, The American Physics •.reacher,
ir 1 (1933).
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IV. 1.

What I Did
Professor Rodriguez developed his own approach to

the self-paced method of jnstruction in the lecture portion of
two introductory Physics courses.

This involve s the use of over-

head projectors, film-loops, auto lectures, study guide, etc.

This

approach has proved to be very successful in the lectures, but the
laboratories, included as a part of the course, were rrostly
taught using a traditional approach.

However this treatment of

the laboratory was not in agreement with the philosophy and methodology reflected in the treatrrent of the theoretical part.
Professor Rodriguez, kno.ving II¥ interest in education,
suggested that we develop · a new approach in both the elementfu7 as
well as the advanced laboratories.

We decided to develop and test

a new laboratory teaching aid involving video-tape.
fi.lrred two rrodel video-tapes.

W3 produced and

Ttese are rrodels in the sense that

· they represent a new teaching activity that will be described later.
·Specifically, the tapes are to be used in the Introductory Electromagnetism and Atomic Physics laboratories, and they are entitled
"Faraday Ice Pail" and "Franck-Hertz Experim2nt".

We chose the

Faraday experilrent because it is the first experiment in our laboratory
.in introductory electromagnetism in which the student has to

2
. equ1pment.
.
work Wl"th e 1ectron1c

2

See our objectives in doing that in IV. 3.
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It is the first confrontation of our

students

with electros·t atic phe nomena in which they

maJ~e

both

qualitative observations as well as quantitative
mea s urements.
The video-tape was prepared with a short
introduction

of ·. electrostatic phenomena which included

simple experiments like crJ.arging balloons by rubbing them
wit.h saran wrap

and sticking them t.o the wall,

charging an electroscope by induction and by contact,
etc.

All the phenomena are readily visible on the T.V.

monitor screen.

For example, the deviation of the needle

of an electrometer which is ordinarily very difficult to
observe in any classroom demonstration is clearly
visible.

Also figures and drawings could be effectively

presented.
th~

In this video-tape the professor introduces

experiment historically.

'l'his offers the student the

opportunity to see some photographs of Faraday and the
first apparatus built by him in the Royal Institute in
England.

In the traditional lab setting, it is very

impractical to present this type of material because it
does not exist in any compact form.
In the subsequent part the professor shows the
instruments to be used in the experiment explaining thei r
functions.

It is impressive to observe how much detail

of the front panel of the electrometer,

connection~

and

the operating procedure is visible.
In the second part of this video- tape, the student

-----

------
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has the opportunity to re - experience the experiment by
viewing students performing the experiment as well as
asking questions about it.

This is an opportunity

that he doesn't have in the traditional laboratory.
The second lab tape, the Franck and Hertz
Experiment, was chosen by us, because it is one of the
crucial experiments in Atomic Physics.

Hm-1ever, it is

the type of experiment that normally is not interpreted
correctly and ma11y t:Lrres is confusing.
are like "black boxes" for
are complicated.

ma~y

The apparatus

students~

the connections

Also the apparatus being used in the

experiment might be damaged because of improper connections.
This tape is not only designed to assist the student
in performing the E'ranck-Hertz Experiment, but parts
of it may also be used to introduce students to the proper
operation of particular pieces of equipment which
appear in other experiments as well as this one.
The introduction of the tape presents a concise
and effective description of the atomic models of
Thomson, Rutherford, and Bohr.

The professor t-1ould not

be able to do this in the laboratory, but it is possible
by tape through the use of various camera tricks.3
The emission of a photon by the transition of

3At this time, "7e have enough practice in the
handling of the camera to let us try some visual
tricks.
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the electron from one energy level to a lower energy
.level is effectively portrayed 1t1ithout using sophisticated
camera techniques.
provide

The pictures of Franck and Hertz

a historical context for the student exactly

as was done in the first tape.
The inclusion of equations and graphs on the
video-tape not only help, the student but also save ,t he ·
time that the professor would ordinarily spend writing
them on the blackboard.

Once again after the

theoretical aspects are explaineq, the : student ' has the
opportunity to check the instructions for the use of
the equipment.

A big figure of the circuit appears

above the person making the connections.

This provides

an excellent guide for the student and has proven to be
effective in eliminating student frustration in
translating a circuit figure to the actual experiment
.. set-up.
· The operating procedure of the equiprnent that is
straight for1vard but intricate can be followed by the
students step by step.
is provided

forth~

And finally another experience

students who view and listen to ·

the discussions among other students . ,4 ·

···

A detailed description is given in the Chapters
4

All of these steps have a methodological rational
explaine d in IV. 3.
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V and VI which contains the scripts for the video-tapes
which are the "soul" of the thesis.
final product of this work.

The tapes are the

They are submitted along

with the written work.
That is in essence what I did.

Let me now

consider,
IV. 2.

.liQli

I Did ll

The initial attempts to produce the scripts and
tapes identified many technical problems.

This led me

to an intensive search of the literature.

Most of the

articles 'vere useless to me,
. of "technological aids".

5

because of the requirements

They required at least 15

persons working, two cameras, several monitors, control
panels, studio, etc.
' According to the previous research reported,
every production team requires many people in different
roles:

director,

on~camera

talent, producer, video-tape

operator, camera operator, etc.
~ professor

and I.

We were only two, my

In spite of this situation, we

decided to proceed with our ideas.

The financial support

consis·ted totally of the "petty cash". of the Physics

5
Almost all the bibliography used were
mimeographed reports and some articles from a few
journals. I could not find a good book about instructional
television and none about instructional television in
Physics. Only sporadic reports talking about multi-media
systems in science education or Instructional Technology
applied to Science.

-
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~partm:mt.

The second step in my work was to secure the
equipnent, and through the oooperation of the Teacher Corps
Program

jn

the Sch<::ol of Education of the University of the

Pacific, they provided the T.V. carreras and the video-tape
recorder.

They helped us through Professor Manuel

~ntano,

who loaned us the cameras during all the tirres that we were
recording and who gave us the initial instructions about the
operating procedure of the apparatus.
Furthenrore, Mark

~mer

carre to our department

as a graduate student with a lot of ingenuity, creativity,
and intelligence, and when he listened to my plans, he
offered himself as a carrera operator.

In this way with one

camera, .the video-tape recorder, Professor Rodriguez, Mark and
rre, we started our project.
The third step was the selection of the topics for
the video-tape that we were going to produce and writing the
scripts.

6

'Ihis is a very imp:)rtant task, and it takes much

rrore t:i_rre than one would suspect.

I wrote the script,.

but it had to be changed several tines, because sorre
things that looked very good in the script proved
to be unrealistic or illogical when the experiment
was taped.
6
The scripts are included in Chapters V and VI.

---

----

'l'he n e x t s t e p ' vas to find t_ h e " talent") as the

a ct or is c all e d .

He / s h e has to h zt v e a n u n d e f i n il f) l e

qual.i t y whi c h i s refer red t o in "'l .V. l angu age " as "pr esenc e " .
1

We we r e thinking a.J:x:mt us ing one of our s ·tudents .
But t h e t erm "p .resf-.:?n ce " .f or a .Vh y s ics
k no\<tledge of P h ys i cs ,
p E:~ l~ s o ns

l e ss

p .rac t i c e t <:t l k i ng i n f r ont

(.i n t h is way t h e ·trans i tion t o t h e

dif f icult )~ a n d

ca rne r.a .

v id eo-t.a p c~

in vo l.vr~ s

of

·amera i s

c a pa c it y t: o i mp r ove i n fr ont o f

t he

Ou r s tud e n t s we re not in the positi on o f do i ng

lt, especi a lly because they never had practic e t each i ng.
As di n~ ct o r ( the role t h a t I assurred a t this morren t) , I
d eci d e d t ha t

t h e " ·ta l e n t '' h a d to

be~

Pr o fess or Rod ri g u ez.

I n some p arts we ro t a t e d the roles and he wa s direct or ,
l'la r k

was on- c amer a t a l en t , a nd I was camera-man , or I was t he

ta l e n t i n t h e si l e n t s ce n e s .
'I' h is se quence o f p i.ct ure s c o rr e s pond s to t h e

d.i.vc:!rs i f i cat ion o f

r o le s .in t h e t:e <:l!lt.

F ig. 1
Pro fesso r Rodri g ue z ,
Di re c t or , g1v1ng
i n s tru c t i ons t o
s tu dent s i n th e fi nal
par t of the Fara day
Ice Pai l t a pe (obs e rv e
th e i llumina tion
equipmen t ).
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Fig. 2
- i _ __.-..:

,w .. 1

~

Professor Rodriguez
as prop man .

Fig. 3
Professor Rodriguez
as ca me ra man.
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Fig. 4
Graduate student,
Hark Merner, in his
role of camera man
and video tape
operator. With
practice improvement
and excellent effects
were soon evident.

Fig. 5
Hark, as a "talent"
is receiving
instruction from me
as a director.

- - - - - =-------""-'------

~~~

--
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Fig. 6
I became the actor
in order to explain
eq uipment usage.

The la boratory itself sho uld hav e as much act i on
cts p oss ibl e.

It was usua l ly taped in a s ma ll lab that

we:: adapted also to l<.eep our "p rop".

At other times we

used Professor Rodriguezw office.

Let's talk a bollt the technicdl part of the
projec t.

Fig. 7
Equipment used in
filming .

As we observe ln figure
th~:::

a po r table V.T.R. ) and
a s we showed in Fig u r

~

1.

7~

we u sed a camera and

i llumination

~vas

accomplished

l"ie worked u nder t h e

handicap of using dif fe rent c ame ras and V.T.R. every time
in particular , the e quipm e nt tha t
availa b l e that day.

7

the teacher corps had

7

Th e shots h a d to be d o ne on different days
had to coordina t e t he schedule that agreed with the
dates that we could borr:o\v thE'~ e quipment, Har l<:. • s
classes, Professor Rodr:i.gue zij s c hedule ? and my schedul e .

because we
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The script ·Has first

attachE~d.

to an easel) but

the movement of the pages was too noisy, so I decided to
fix them on the wall or with rods, in front of. the
.
8
It "Vras not
"actor" to facilitate
rea d J.ng.
easy to "pan" because the camera was fixed in a base that
didn't let it move freely.

It was not a "dolly".

The

"dolly in 11 and "dolly out" was done only with the zoom
of the camera.
The pictures that we included in the video-tape
were taken from a book,and we changed their "aspect
radio" to be used in the tape.

The effect of the electron

moving around the nucleus.) for exampleJ '\vas done with
several sheets of acetate
impression of motion.

tr~t

we moved to give the

The titles at the beginning of

each tape have their history too • . The first time we
did them on cardboard with gold letters, but in the

11

dry run 11

we noticed that the cardboard did not keep straight and
the letters reflected too much light.
both of thema
were not!

So we changed

The cardboard was good but the letters

Finally we found some letters made in plaster

,cast that we cleaned and adjusted on the cardboard, covered
previously with black

pap~r.

To give · the impression of movement in this case,

8r

. J.mpossJ.
.
'b le for the pe rson to memorize all
t J.s
the script or to remember all the things that he has to
mention.
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we put the titles on a bla ck rug > and we pulled the

rug while Mark held the camera above it.

After the first

trial, we tried again using a table and · sorne chairs for
better support.

See Figures 8, 9 and 10.

Fig. 8
Titles were placed
on a black rug and
pulled by the end in
order to give the
impression of
movement.

(
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Fig.

9

'i"

The camera wa s
supported by chairs
placed on two t ables .

Fig.

10

Fixing th e imag e on
the screen o.· t he
monito r l

1

Because we used different monitors wh e n we centered the
figure in one, and after we playe d back the other the
figure was not centered.

..

--
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In the second video-tape, the filming of the
title was done in a different and nicer .way that we are
going to explain.

Since we did not have two cameras to

"superimpose" takes, we decided to produce our own
"superimpose effect".

This was done with sheets of

acetate with the letters on them.

They were located in

front of the camera, which was, at the same time, receiving
feed-back from the monitor.

This "superimpose effect"

was also used to superimpose words and equations over
the action.

Finally, simulation figures made in a computer

and the use of overhead projectors helped us with the
other effects.
IV. 2.2

The Audio
The audio was produced with a microphone connected

indirectly to the V.T.R.

We were forced to use different

microphones according to which one "the teacher corps"
lent to us.

Thi.s is the reason for the· different audio

segments on the same tape.

We found that dubbing a bit

of music at the beginning and at the end of the tapes
gave them a somewhat more professional air.

We recorded

in a cassette Bach's Prelude in F major that fits
naturally with the action, and then we played it back
when the shooting was done.
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Fig~

11

The sound did n o t
work ! We h a d to do
an adap tation of t he
t ape- record er ' s
mi c rophone to th e
V. T.R.

I V. 2 . 3

'l' he Ed i tinq

The fin a l ste p in p roduci n g the t a p e s is t h e
e diting.

I t ca n rna l.;:e o r

t r ic l<".y , and

Mark edited

b rea k a tape.

It is rathe r

the first ta pe ( Fa rada y I ce

Pail) with a machine that did not work
v er y

we ll;

our knowl e dge was no t too g ood e ither .
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This is why t hi s tape has some disjointed effects.
In t he t\vO parts of the Franck and Hertz experime nt,

we were fortunate in having Hr. Carline J ardine, Di rector
of Instructional Televi s ion Program in Lincoln High
Sc hool, · who did all ou r e di ti ng, as none of us c ould
possibly h a ve done a creditable jo b o f it o urs elves.

Fig. 12
Pro fesso rs Rodri g u ez
and Jardine, with
Ma rk doing the
editing .

--------------------------------~

He spent rne:m y hour s du ri n g the n.L9ht u n ti l
dam~ .

~ve

s peht approx ima te l y 180 hou rs p rodu -. ing 90

minute s of u sa b le tape f o r editing.

-

-- -- --

the tape s were

---'-"-"'--

55
IV. 3.

Why I Did ll
I could not cite a unique cause -for my decision ·

to utilize the video-tape in the teaching of Physics
labs.

I believe - that multiple

influences caused it,and

I'm going to mention them very briefly.

Although in

general I am not ordering them according to their
importance, I consider all of them very important,and they
contributed to the perfect "fusion process" · that made me
take the decision on this work.

But there is one that I

recognize to be of the highest priority and that centers
on my educational philosophy.
IV. 3.1

develO£ in QQ£ students a scientific
attitude through ~ scientific activity?

~ ~ ~

In most of the Physics Departments, lab manual or
instructional guides are used in the l~bora~ories asking
for specific data and requiring placing this data into
the equations in order to prove their validity (in other
.

.

words the validity of certain laws).

Sometimes "cook-

· books11 (step by step instruction) are used in such a
way

they have · really done all of the thinking for

the students.

In this type of instruction the professor

expects the student to answer in the way he wants, using
a certain order,looking for uniformities among the events
in nature; but they forget that the major characteristic
of science is the ability to wait for an answer. combined
with a continuing search for an explanation and a rejection
of premature explanation.
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Our students .m:my tirres are conparable to the stud.ent

that Professor Hageseth told about in his anecdote.

9

"I recently had a student who asked the
question, 'Why do I always get ahA on the
laboratory report when I do not really
tmderstand what is going on?' "
I asked Il1YSelf many tirres, can Il1Y students react in the same
way?

I believe that r:erhaps many of them can, and this means

that we have failed:

in their case, recause they follcw the

instructions without questions, and in Il1Y case because I didn't
use Il1Y creativity .and my c:wn ideas to start a new approach,
because r:erhaps I was afraid to break with the old established
patterns.
'lhis uncertainty prods rre to find a way in which my
students can deal with the facts rather with what I have said
· · about them.

But "way" here rreans rrethodology, and a rrethodology

· obeys a philosophical principle.

I explained in this chapter

what I did and .OOW I did l.t, but these video-tar:es are not isolated;
they follcw a inethodology, and, of course, they are ·in a
philosophical context.
Let ne start with what I understand by "experience"
and "activity" of apprenticeship to try to answer the
initial question.

9
.
Hageseth, Gaylord T., Physics TeaC'..hing, 13, 4,
231 (1975) .
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Activity is a set of experiences ill gestation:

it

is the notor that will put to work the experiences that we
want our students to have.

Experience is a specific oonduct

that arises when the student confronts a specific situation . .
The efficiency of this process depends on the direct relationship between the learner and the apprenticeship's situation.
In other 1hDrds, the "activities" can be manipulated directly

by the professor, but the "experiences" cannot.

It is

a

function of the professor to plan the activities and to condition
the environment ill order to nake it possible that the learner
cari

~ive

his experiences at a desirable level.

The experiences

have to reflect the conduct and situations established ill the
objectives, and when these are not. successful, the professor
has to modify the activities.
The plannillg of the activities performed ill this work
is as follavs.

My so-called "old-new illstructional aid ill

Physics laborato:ry" is described as an alternative that atterrpts
to give both L'1e student arid the professor the necessa:ry freedOm

ill the laborato:ry to work more effectively on a one-to-one
basis in the solution of a common problem or the satisfaction of
a corrmon concem.

This is our goal and 'i.vithin this context

the student will work.

What we called the teachillg style is

given as follows.
The student is provided with a study guide that
he brillgs to the laborato:ry.

The laborato:ry is designed ill

units that the student will complete according to his criteria

and the advice of the professor.

The lab is open same days

during the rroming and other days during the afternoon in such a
way that it fulfills the needs of the student in relation to
his schedule.

He has to ask previously for the tine that he

wants to use the lab in order to let other students ¥Ork without
interference and to insure the equiprrent is available.

He

turns an · the rronitor; a brief theoretical explanation of the
experirrent will be given by the professor in the video-tape.
This Part has an objective to make clear "what is going on"

10

Afterwards, the professor presents a description of the
.
be'mg us ed . 11
equJ.pnent

'Ihis is an :important part, because in

many of the laboratory instructions the student has to deal wi t.h
the equiprrent until he learns how to handle it.

This idea

is great, but economically it is a disaster because repair of
the equipnent is very expensive and we cannot afford that risk
--especially if it is ve:ry delicate equiprent.

(Like in the

Franck and Hertz experirrent) .
Another advantage of our suggested instructional system
is that during explanation of the equipment by the professor
in a traditional lab, the student cannot see clearly the different
parts of the apparatus, but with the rronitor he can observe

10
At the same time, here we want to familiarize
the student with specific knowledge of the facts and with
the tenninology. 'Ihese nental activities are very simple,
but they facilitate the ccrmnunication in the laboratory.
11
The student will rememl::er afterwards how easy the
characteristics of the equipment that he will hm1dle are.
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clearly and campare it with his own equipnent that is sitting
on the table.

(See Figure 13)

After that the professor will

give instruction on hew to handle the equipment, especially i f
it is being used for the first tine, or how to make the right
corinections in case there are

some~ 12 This procedure also

helps to give the student self-confidence in handling the
equir:rocmt.

The student can replay the tape as rrany tines as

he needs to feel secure in the lab.
Once the student feels he understands the experinent,
he takes his study guide

13

and turning "qff" the monitor, starts

to perform his owri lab. · If he has doubts, he can c:orre back to
the rronitor or call the T.A., who will be available during the
lab period.
After he finishes the experiment, the student has
to have correlated in his mind the interrelation bebo1een the
· · . facts and the phenorrena.

At. . this rrornent he is ready to go

· to his first feed-back session.

He turns on the

T.v.

monitor

and observes other students doing the sarre lab and asking
several questions about it.

(See Figure 14)

He has to corrpare

his awn results with the results obtained by them.

He has to

have a good understanding of the experirrent that he perfonred,
12

This will help the student in his abilibJ to
organize forms, do classifications, perceive relations,
learn conventions, i.e., the conventions for D.C.,
A.C., volts, the scales, etc~
13
The guide will bring the student to the kno:Nledge
of process, orientations, and the d~1amic of the phe1omena.

60

so that he can give correct criteria based on his awn results
about the precision of the exper:imental procedure.

'

:t~~~'~!:~~;;'';,;,

l, ,,'/ .<:! '

'I~~~~~~J'

·--~'

I

'
' ,~

Fig. 13
The student can observe and
compare his own equipnent
with the T.V.

•'

Gl

Fig.

14

Th e st ud e nt h as t h e
opportunity t o observe
other s tudent
experiences .

After the lab session, the st udent has time 1n
t h!~

f ollowing days to consult texts .

o f hi s

e xperime n t~

make an analy s i s

organiz e · , i deas , and make

abstract ions

f rrnn his observations.
As we n ote, until no w he has not had c ontact with
UH:> professor.

o nly with t h e i.i ppa ratw:> and

Bu t the precedi ng steps

prep~r e

th~?

'I'.A.

him f o r his contact

with the profe ssor in the "feed-back session ".
The " feed-back session"

is a meeting with the

p r o fe s s or and three a c f our s tude nts.
ha ve no mo re than fiv e student s at:

d

{ 'I'he idea

t ime ).

J

s to
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'!hey will express their own exr:eriences and answers to the facts
presented in the second part of the video-tape.

This is the

rro:rrent in which the teaching strategies of the professor have
to bring the student. tO do a better inter-relation of the phenanena
rroie clearly and systema.tically.

'!he professor will help the

student to translate the facts presented to principles or
generalizations and interpretations that will open a new way
to apply their knowledge to other situations.
In this part, the role of the professor is very

.irnpJrta.'1t because he has to use this session to find the
individual differences arrong learners and to help them to
find the rrost viable way of working.

The professor can

make an accurate laboratOry evaluation based on his knowledge
of ·the student. · He will approve or disapprove &"1d will allON ·
the student to proceed to the next experirrent or. require the
student. to . repeat this one.

Since

\'le

consider the laboratory

an integral part of the theory, laboratory and theory will· not
have separate grades .
. TV. 3. 2 · other Reasons
a)

The number of students in relation to t..he equiprrent
available.
In the elerrentary laboratories, we have an average

of 60 students, which makes contact with the student and
observation of his learning process very difficult.

This

also implies a large number of pieces of equipnent.

If

the students don't have to care at the sanE time to
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the laboratory, -we can use fewer units but different
ones.

In the advanced laboratories, nonnally the

number of students are reduced and the pieces of
.
eqm.r:rnent
are re duced too.

14

.
HCMever, the exper11Tei1ts

take a long tllre, and the work done in groups is
not the best approach.

'Ihe students have to work in

groups of two or three in the laboratory.

If the

professor gives the instructions to all the groups, sare
of the details could be forgotten by the time that the
student perfo:r:ms the experi.rrent, and if he does it
individually, he will lose tine that can be used
preferably in the discussion of the experiment with
the student.
!:?) .' ' The use of the lab time by the professor
As I rrentioned in the introduction, teaching is not

only to present materials nost effectively, but also to
provide

eA~riences

the student think.

as well as information to help
'Ihe essential role of the professor ·

is not to give instructions; he can do that through nedia.
'Ihis does not interfere with personal instruction; on
the contrary, it saves this tirre for a personal contact
with the learner.

14

But the total tine used is the sane.

For example, v;re have only one unit. of the
equir:rnent for "Franck and Hertz", "Black-body radiation",
the electxonic counters, the screen for di£raction of
electrons.
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The V.T.R. doesn't free the professor

fro~

the student;

it frees him for the student.
c)

Personal influences
I don't want to finish this chapter without rrentioning

two IIDre irrpxtant factors that I consider related to
thesis.

~

One is my previous education at the Universidad

Javeriana in Bogota, Colombia (South .America). !-1y professors
provided ne with good opportunities and incent..i.ves that
opened

nw mind to new roads in teaching.

'lhey provided rre

with a solid education that allowed rre to seek nev.r pers_p=ctives, to try new ideas.
'Ihe other factor that I consider very helpful and
decisive in my work, is my contact with Dr. Andres F.
Ibdriguez, Professor a"1d chainnan of the Department of
Physics at University of the Pacific.

He was the director

of my thesis, l;:>ut rr6reover he guided rre through _all these
years in the world of Physics.

I participated in three

seminars he offered in my country during 1973 and 1974,
and through him I obtained a IIDder view and
approach to Physics Education.

a realistic

Chapter V
A MODEL IN ELECTROMAGNETISM
For every man who has the
courage to say rashness, of
forming an opinion of his own,
thinl<:s is better than any from
which he differs, so it is only
deeper investigation, and most
generally future investigator,
who can decide which is in the
right. 1
Michael Faraday
In this chapter I include the video-tape of the
Faraday Ice Pail experiment, the script, and the laboratory
guide.

The video-tape lasts for about 20 minutes with one

short i;nterval of time between the two sequences.

'rhis

is the model in elementary electromagnetism
laboratory.
I want to thank for their special help in this
tape Susana

Aguiler~

Patricia Tugas, Rebeca Zapatero,

Randy Stewart, Peter Wulfman, Peter Nyberg and Manuel
Morocoima, students at U.O.P. who volunteered to
participate in the tape>and Professor Earl Washburn of
1 This was expressed by Michael Faraday in his
let.ter to R. Hare in April 18, 1840 talking about "general
principles of the view of static induction." Williams, L.
1_'he SelectesL.£.Q_rresJ2.<?~ce of Michael Far~d<D:, Vol. 1,
Cambridge, Cambridge University Press, 1971, pp. 360-369.
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the Art Department who loaned us the .plaster cast letters
that were used in the titles of the tape.
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SCRIPT
FARl\D.Z\ Y ICE ·PAIL AND CHARGE PB,_QDUC'riON
VIDEO

AUDIO

Camera shoots · the titles

1}

Emblem of the University

2}

University of the

Prelude in F-major
Music

Pacific Physics Department 1976
3)

Course name:
Principles of Physics
Prof. Andres F. Rodriguez

4)

The Faraday Ice Pail and
Charge Production

5)

Camera
Mark Merner

Shooting some simple
demonstrations on
charge productions:
1)

Rubbing a balloon with.
fur or wool.·

Sticking

it to the wall.
2)

Rubbing a plastic rod
and watching puffed
rice jumping.

Music

as background

Bach
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AUDIO

VIDEO
3)

Rubbing a plastic rod
and . charging and discharging an
electroscope.

Camera shoots

Professor

This lab will help you to

explaining the objectives

understand the ideas of

of the experiment.

conductors and insulators.
Also, we can investigate the
nature of charging an object
by induction as compared to
charging it by contact.

Camera continues shooting
Professor and moves

In some materials such as
metals, while the atomic

to focus on objects on

nuclei are held firmly in

the table:conductors

the crystal lattice, some of

and Insulat91:.2.

the electrons can move
around freely.

Such solids

are called Conductors.
In other solids, the
electrons are tightly bound
and cannot move freely, these
solids such as glass and most
plastics are called
Insulator s.

----------------------------------------------------------
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AUDIO
figures,

Camera shoots

We can d e posit or induce

then moves to experiment:

charge on the surface of an

charging an insulator

insulator, and the charge

1)

Charges on an

will stay where we

insulator

deposited it.

2)

Charges on a
We can deposit charge on a

conductor

E= o
metalic
sphere

inside

conductor.

However the

charge will redistribute
.itself immediately in such ·
a way that there is no
electric field

outsid~

the

conductor.
Camera shoots
conducting sphere.
Camera takes again

We can charge an object py

sequence of the

induction or by contact.

experiment with
electroscope.
a)

Rubbing a plastic rod
and putting it close
to the electroscope.

b)

Touching the
electroscope.

·-----------------
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VIDEO
Camera shoots the person.

In our experiment we will try
to obtain some quantitative
measurements by using some
modern apparatus.

However,

so many interesting
. experiments were done by
Michael Faraday including
his famous "ice pail".

At

this time we feel we should
say a few words about him.

Camera . moves to shoot

Faraday received honors as

Faraday's picture.

a physicist that were well
deserved.
On August 29, 1831 he began
a momentous series of
investigations he entitled
"Experiments on the
Production of Electricity
from Magnetism ...
One of his most popular
experiments is generally
known as the "ice pail"
experiment.
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y_~DEO

AUDIO

We will present a modern
version of it.
Camera shoots

Music - Background

different instruments

Faraday Ice Pail

we will use.

Electrometer

a)

Faraday Ice Pail

Charge Producers

b)

Electrometer

Proof Plane

c)

Charge producers

Shielded Cables

and proof planes
d)

Wires, etc.

Camera on person.

Since you will be using the
electrometer in several
experiments you must know
how to use it.

An

electrometer is what might
be called an "electronic
· electroscope".

However,

instead of observing leaves
separating, one can observe
a meter pointer moving over
a calibrated scale.

In

addition to providing a
quantative measurement, the
electrometer is much more
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VIDEO
sensitive {requi ring less
charge t o make a measurement)
and indicates polarity
directly.

Camera shoots the front

The front panel of the

panel of the

electrometer has some

electrometer.

controls and connections.
Function Switch
Zero Adj. Control
Off-On Switch
.Input - for the BNC Connector
· of the shielded cable we will
be using in our experiment.
Ground post for grounding
the instrument.

Camera shoots . close up

As will be noted from

of the front panel.

looking at the front panel,
the instrument measures

D.c.

volts, or potential.

Camera shoots the

1)

Before using the

operating procedure:

instrument or even

1)

Focus the mechanical

turning it on , you must

adjustment.

check if the me ter is

I
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VIDEO
2)

Turn the switch to the
.Q!l position.

3)

AUDIO
mechanically adjusted.
2)

on position.

Focus on the Function
Switch for parts (3)

Turn the switch to the

3)

and (4).

Then you proceed to
check the batteries,
your instrument has

two.

Turn the Function Switch
to "B-1".

If the meter

pointer read in the
battery replacement part
of the meter scale, then
you must replace the
battery.
Repeat the procedure by
turning the function
switch to "B-2".
Both batteries must be in
good condition.
4)

Turn the function switch
to the 1 volt position.
Flip the "zero switch to
lock position.

Adjust

the "zero set" control
until the meter r eads zero.
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VIDEO

AUDIO
5)

Connect the shielded
input cable.

Camera focuses on the front

An important factor we must

panel of the electrometer.

mention is that "To zero the
instrwnent, always use the
"zero" switch

in either the

"lock" or "check" position.
Merely shorting the input
together is not sufficient::

Now we are ready to use our
electrometer to measure the
amount of charge on a body.

Camera shoots at the

In order to do it we will

equipment being set for

use the electrometer

the experiments.

connected to the Faraday
Ice Pail.
Connections should be clean
and dry.

It is desirable to

shield as many of the
connecting wires as possible,
since stray electrostatic
fields near tl1e input can
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. AUDIO

VIDEO

affect your measurements.

Camera shoots at

The lower the voltage range

electrometer's front

used, the more important the

panel where the person

shielding becomes.

shows the lower range.

Camera shoots

the

Also never touch the input

electrometer where the

lead until you have grounded

person indicates the

yourself to an earth ground.

input.

A person can easily pick up
a potential of several
thousand volts by walking
. across a rug on a cool,
dry day.

Camera shoots

the

Now you

~1ow

the operating

equipment including

procedure of the equipment.

charge producers and

Make and check the

proof plane.

connections.

After turning off the
monitor, start your
experiment following the
instructions of your study
guide.

-------=-----
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· AUDIO

VIDEO

Camera focuses on the

It is very important that

Professor.

you understand the phenomena
that happen during the
experiment.
The most important thing is
that you have to use highly
your sense of observation
and check carefully each
step in the procedure.
When you finish the
experiment please turn the
T.V. set on again.
Now that you have
finished your experiment
let's observe some results
obtained by other persons.
Compare it with your own
results_, and tell them if
they are correct or not, and
why.

(We will discuss this).

Camera focuses on . some

A natural dialogue takes

groups of students doing

place among the students.

the expe riment and

They ask questions and receive
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AUDIO

discuss ing it.

ans'tvers ·from their
partners.

Some ansv1ers are

correct; others incorrect.

Afterwards these questions will be discussed in the lab in
a feedback session with the group of students that were
doing the experiment.
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GUIDE

Instructor;

Andres F. Rodr1guez

l_ntroduction:
I ·t has been said that the physical forces that

hold the universe together are very simple to describe.
Ge n er ally

s peaki n g

we

can

co n s ider

int eract ions or forces in naturet

four types of

gravitational,

electromagnetic, strong, and \V'eak forces.

Each force

plays a significant role in the balance of the universe.
When you worked in mec hani cs. you probably found

that gravitational forces are responsible for many
everyday phenomena; however, electromagnetic forces are
so important we can venture to say that if these forces
were not present, "matter as we know it would not exist".
Electromagnetic forces act only between
electrically charged particles or systems--they are
very strong.

In fact, these forces are stronger than

gravitational forces and they are very important both
at microscopic and macroscopic scales.
For the _student interested in understanding physics
we · have to mention that quantum mechanics replaces
.

.

.clasiical mechanics on the atomic scale.

In our course

we will take a classical approach as long as we can to
describe physical phenomena .
.During the nineteenth century great strides were
made in electricity by men like Faraday and Maxwell.

In

fact by 1900 the basic laws of electromagnetism were
· precisely kria.vn.
You will begin your study of electricity by
considering charged particles which are at rest in an
inertial frame of reference.

In this experiment you will

investigate experimentally the nature of charging
objects by different methods, and in addition you will
measure their charge by using some measuring devices.
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Q£jectives'
A.

To be able to

Identify the different parts of the equipment
being used . and their applications.

B.

Understand how the electrometer and the Faraday
ice pail work.

c.

Examine the relation between the charge induced
on the ice pail by an inserted object. and the
actual charge on that object.

D.

Conclude the difference of charging an object
by induction, by contact, and by rubbing it.

Materialss
Videotape (Sony portable)
Monitor (T.V. set)
Faraday Ice Pail
Charge Producers
Aluminum Proof Plane
Electrometer
Shielded Cables
· Ground Cables
GOOD OBSERVATION:
Instructions'
1.

Turn on the T.V • .monitor, and watch carefully the
description and calibration of the equipment.

2.

Do all your connections, and check the equipment
in such a way that the electrometer indicates
that there is no charge on the ice pail.
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Procedure:
I.

Charge by rubbing: In the first part of the videotape you observed how the professor charged two
balloons, rubbing them with plastic wrap.

Before

they were rubbed, they did not have any net charge
and they fell off the wall.

Howeve~

after he

rubbed them, they were charged, and when he
approximated them to the wall they were attached
to it.

Under this principle work our charge

producers.

The charge producers consists of

two wands with different materials in different
colors--blue and white (in the T.V. grey and white),
mounted on aluminum discs.*
A.

You will know if they are charged or not (their
polarity) and if after rubbing them together you
introduce one of them into the Faraday ice pail and
you observe some deviation in the needle of the
electrometer.

In this part we are interested only

in qualitative measurements.

It is necessary to

start your experiment with zero dharge on the charge
producers.

How can you accomplish it?

QUESTIONS
1.

Is the needle deviated to the same side of the
electrometer by the two wands?

2.

What indicates to you the direction of the
deviation?

82

3.

Hm.;

c a n you de termine if the charges in the wands

agree with the deviation that they produce in the
needle?
Rub t.he white charge producer with the aluminum

B.

proof plane.

Observe the direction of the

deviation of the needle of the electrometer after
inserting it in the ice pail.

Now, do the same

thing lvith the blue one.
QUE~!._IONS

1.

What did you observe?

2.

Is the charge acquired by an object the same when
jou rub it with different materials?

3.

Explain some possible ways in which you can
organize the materials according

to the type of

charge they acquire when you rub them with
different materials.
4.

II.

Try to construct such a list of materials.

9fl~p;,ge

by Ing,uction and by Contact

In part I of the experiment you learned that when
you rub t'"o objects, you can charge them; but to
verify if they were or were not charged you had
to use· the Faraday ice pail connected to the
electrometer.

This indicates that the

electrometer can measure charge.

How can it

measure charge if we read in the meter scale D.C.
volta ge or pot ential?

--

-- ------

--

--
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The solution is obtained from our definition of
capacitance C = QV; thus, Q

= CV.

That is, the

charge of a system is equal to the system's
capacitance

times its

potential.

In other

words, the system, including the electrometer
(connected in parallelt has a capacitance, and we
measure the potential across the capacitors.
Now we will study how we can transfer (by contact)
the unknown charge to a capacitor (in the
electrometer) and how we can "induce .. a charge
on it.
A.

Insert a charged object (rub the charge
producers together and insert one) into the ice
pail, but DO NO'r let the charged wand touch the
pail.

Note the electrometer reading.

Remove the

object and again note the electrometer reading •

-

.· . CAUTIONs

THE CHARGE OBJECT MUST BE INSERTED AT

LEAST INTO THE LOWER HALF OF THE ICE PAIL.
Momentarily ground the ice pail.

Again insert

the charged object, touch it to the ice pail) and
note the electrometer reading.

Ground the ice

pail momentarily) and then again touch the object
to the ice . pai.l and note the electrometer reading.

1.

Can you explainyour results after inducing
charges in the bottom and in the top of the ice

----
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pa il'?
2,

Attempt to e x plain what happens when you induce
charges lvith the cha rge producer and when you
remove it from the inside of the pail.

3.

Why do "'ve have to ground the electrometer?

4.

After that, when you touched the ice pail with
the charge wand, and then you placed the wand
into the ice pail, did . any charge remain on the
object?

5.

What can one conclude about the induced charge
on the ice pail, as compared to the charge on
the object?

6.

What relation is there between these charges
and the charges produced by contact?

Now you will measure the magnitude and polarity of
the charges in the charge producers.
blue materials together.

Rub the white and

Introduce them one by one into the

ice pail, measuring the polarity and magnitude of the
charges in each one.
Ground the . charge producers again and be sure that
they are tot ally uncharged .• · Rub them together inside the
ice pail.

Note ·the e l ectrometer reading.

Remove one

charge producer from the pail and note the electrometer
reading.

Replace the charge producer, remove the other,

and note the reading.

. ..

-

--------
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QUES.!IQ.t§_

1.

Why do you have to uncharge the charge
producers?

2.

What is the relation betw·een the magnitude and
the polarity in the two charge producers?

3.

When you rubbed the charge producers inside the
pail, "\vhat did the electrometer read?

Explain

your results.
4.

What can you conclude from the lectures when
you remove the charge producers from the pail
one by one?

Does this conclusion relate to the

results you found in question 3?

Now, check very well your notes and turn on the T.V.
monitor again ..

GOODLUCK!

*You have to start your experiment with the charge
producers uncharged.

Ground them, but there may be a

small charge retained on the exposed plastic between the
aluminum disk and the aluminum rod.

This residUal charge

does not transfer readily when the disk is touched to the
pail.

Therefore, breathe on the exposed plastic of the

charge producer so that the moisture in your breadth will
tend to remove any residual charge.

If itt does not, you

can clean .the charge producers with alcohol.

- - - - - ----=----='-----------=-~

Chapter VI
A MODEL IN ATOMIC PHYSICS
"For the truth of the
conclusions of physical science
observation is thi supreme
court of appeal."
The material included in this chapter corresponds
to the "Franck and Hertz Experiment" which is the model
for the atomic physics laboratory.
The video-tape is divided in two different tapes,
one which corresponds to the theoretical explanation and
· the other to the experimental part.

The total time for

. both is 45 minutes.
I want to thank Don Peterson, alumni of the
·.. Physics Department, who · agreed

to be the .. talent" in

thesecond part of the tape.

1
.
This was expressed by Edintong in Las Cruces
workshop.
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SCRIPT
FRANCK AND HERTZ EXPERIMENT

VIDEO

AUDIO

Professor in his office

The ideas about the structure

in informal talk.

of matter go back to the Greek
philosophers more than 2,000
years ago.

It has been said that they
were the first ones to consider
matter as a combination of
indivisible units that were
labeled as atoms.

For several years scientists
were

confus~d

units of

about these

matte~

and it was in

the nineteenth century that
John Dalton formulated the
first atomic theory with some
scientific basis.

Professor walk and show

. By the end of that century a

some devices typical of

lot of work was already done

88
the nineteenth century

on electrical discharge through

(cathode ray tubes, and

a tube containing a monoatomic

other discharge tubes) . .

gas at low pressure> and the
field of spectroscopy was very
advanced.

However, scientists

were still puzzled about the
structure of matter.

Professor returns to his

The fact that an electrical

desk.

discharge in a gas at low pressure provides a glow of light
with wavelengths that are
characteristic

of the kind

of gas in the tube suggests
that the light emitted by a
gas is a clue to the structure
. of the individual atoms or
molecules.

Camera focuses on a

A hydrogen discharge tube

spectrum.

gives a spectrum consisting
of a few intense lines in the
visible region.

Such a line

spectrum is characteristic of
atomic gases.

Other spectra

could be obtained from molecular
gases.

____

..=.c..~----
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However, why is a spectrum
observed in discharged tubes?
What is the nature of the
indivisible units that constitutes matter?

Camera takes a view of

In 1904 Thomson proposed a model

Thomson's model of the

for atomic structure in which

atom.

the atom was considered to be
a spherical globe of positive
charge with the negative electrons loosely embedded like
"raisin~ in a pudding"~

Camera focuses . ·On the

For almost ten years this model

professor.

was accepted,but in 1911 a
radical change took place as a
t~sult

of the experimental work

under the direction of
Rutherford.

Fade to take part of the

Rutherford's model consists of

film on Rutherford's atom

a very small but massive posi-

{Program Orbit II) .

tive nucleus with the electrons
around it--kind of a planetary
system.

-----
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P:ri::fessor walks to a

However, if the electrons were

white board and shows

not static but moving like the

the failure of the

planets>they would spiral

planetary system.

around the nucleus until they
finally collapsed, because
classical electromagnetism
predicts that any accelerated
charge will radiate electromagnetic energy>and of course
when the electron looses energy
it will · follow a spiral path
colliding with the nucleus.

Camera focuses on Niels

Niels Bohr, on the basis of

Bohr picture.

Rutherford's conception of the
atom, presented a new model
which itself was the starting
point for the modern ideas of
atomic structure.

I.

For Bohr it was obvious that
electrons in an atom must obey
laws that are basically nonclassical.

Camera focu92s ori the

Between 1913 through 1915, and
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professor and a picture

using as an example the simplest

is super-imposed.

atom 1 hydrogen, he established
his famous postulates on atomic
systems.

First, "An atomic system
possesses a number of states
in which no radiation or emission
takes place even if the particles
are in motion relative to each
other". .

These states are

known as stationary states>and
the only orbits that are allowed
are those in which the angular
momentum is an integral multiple
When an atom is
in one of these quantized states
it will not irradiate energy.

Camera focuses on

In his second postulate Bohr

equation:

stated that in the stationary
states the ordinary laws of
mechanics could be applied.

By

using them, he obtained the
following equation for the
energy states.

--------'-'=

-

-

-
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In the thiid postulate he explained that any emission or
absorption of energy corresponds to t _h e transition between two stationary states .

Camera focuses on Bohr

In other words, when an elec-

model (motion of

tron jumps from one orbit or

electron and transition

stationary state to another, it

included).

will emit or absorb one photon.

In this way we tried to explain
the atomic emission and absorp. tion spectra.

Camera focuses on

Bohr's postulates had other

professor at the window

implications.

of the office.

energy of each stationary state

In fact, the

according to the postulates is
an intrinsic

pro~erty

of the

atom, having nothing to do
with the way in which the
energy is acquired.

He also suggested an e xperiment
to supply non-radiation energy
to an atom by bombardment with

-

- - -
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a beam of ele ctrons accelerated
to a required energy.

The

energy supplied in this way
should be accepted by the atom
in "absorption .. lines.

Camera focuses on

In other words, it was to be
expected that transfer of energy
to atomic electrons by any
mechanism should always be . in
discrete amounts and related to
the atomic spectrum through the
equation:

Camera focuses on Franck

The experiment suggested by Bohr

and Hertz pictures.

was performed by James Franck
and Gustav Hertz of the Kaiser
Wilhelm Institute in Berlin.

Camera takes a view of

We must mention at this time that

professor at his desk.

Franck and Hertz had not seen
Bohr's

pape~

and perhaps if they

had seen it before collecting
their own

result~

they would not

have believed Bohr's paper.
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Camera focuses on James

James Franck's statement: ... "It

Franck's picture.

might interest you that when we
made the experiments that we did
not know Bohr's Theory.

We had

neither read nor heard about it.
We ·had not read it because we
were negligent to read the
literature well enough--and you
know how that happens.

On the

other hand, one would think that
other people would have told us
about it.

For instance we had

a colloquium at that time in
Berlin at which all the important papers were discussed.
Nobody discussed Bohr's paper.
Why not?

The reason is that

fifty years ago one was so convinced that nobody would, with
the state of knowledge we had
at that time, understand spectral
line emission, so that if somebody published a paper about it,
one assumed, "probably it is not
right ...

So we did not know it .....
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Camera focuses on the

In the so-called Franck and

considerations of the

Hertz experiment they try to

Franck and Bertz

verify the following considera-

experiment.

tions:
(a) It is possible to excite
atoms by low-energy electron
bombardment.
(b) The energy transfered from
the electrons to the atoms
always have discrete values.
(c) The values so obtained for
the energy levels were in agreement with the spectroscopic
results.

Camera focuses on

The experimental arrangement of

Franck and Hertz.

Fianck and Hertz is shown in the
figure.
·

Of

~ourse

guide you can

s~e

read it in detail.

in your study
it better and
A cross

section through the central axis
of the tube is represented.

It

is filled at low pressure with
the vapors of the element under
investigation.

The first experi-

ment was performed with the tube
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containing the vapor, to a high
enough pressure of about 1 mm Hg.
The electrons emitted from the

~~3,j.
r - -· G
. P
-----r
-T-

p

Vo <<

-"-

heated filament, F, are accelerated through the vapor toward

--:-~F

• H~

----------6
-P
-

-

the grid, G, and the plate, P.
The distances between F,G, and P,
and the vapor pressure are
adjusted in such a way that the
mean free path of the electron
is much. smaller than the distance
FG, while it is &ightly larger

The Franck-Hertz

than the distance GP.

These

experirrental setup
for

den~nstrating

the existence of
discrete energy levels.

conditions assure that electrons
collide many times with mercury
atoms in the path between F and

'lhe electrodes in the
· tube have cylindrical
symretry; the ernitter

F can be enveloped by

G.

Any electrons reaching the

plate will register current in
the current-measuring device,

a diaphragm as is
shown.

I, an ammeter or galvanometer.

An electron starting from rest
at F will have fallen through
a potential V when it reaches G.
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Camera focuse s on the

The velocity of the electron is

professor who gives

obtained from the relation

the explanation at
the blao.kboard.

eV

=

2..

...L v-n t.r
2.

As the potential V is increased,
the kinetic energy ~

'2._

n, tJ

electron also increases.

of the
Also

as the potential V is increased,
more and more electrons reach
the plate indicating a peculiar
rising and falling behavior in
the current.

As the Bohr Theory

views this experiment, low
accelerating potentials supply
the electrons with less than the
full quantum of energy required
to promote a mercury atom from
one stationary state to another.
Collisions with the mercury atoms
are "elastic", and little energy
is lost by the electrons even in
many collisions so the current
will increase as we expect in
any electronic tube.
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Camera focuses . on results

As V increases, the kinetic

of the Franck and Hertz

energy of the electrons approach-

experiment.

ing the grid also increases.

If

this kinetic energy is · nearly
equal to the first excitation
energy of the neutral atoms 1
approximately 4.9 eV, inelastic
collisions will take place near
Accelerating Potential, V

the grid.

The electrons, after

losing most of their energy in
'Ihe current (I) versus
the pOtential (VI) , in
the Franck-Bertz

experinent..

exciting the atoms, will not be
able to cross the retarding
. potential Vr

between . the . grid

arid the plate> and the current
will drop.

With further increase in V, the
electrons suffering their first
inelastic collisions will still
have enough energy left to reach
P against V .
r

This will be indi-

cated once again by an increase
in the current.

Eventually the

next drop in current takes place
when the electrons have twice
the first excitation energy,
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i.e., the electron loses _ all
its energy in exciting two
different neutral atoms of the
same element (mercury in our
case) to their first excited
states.

Camera focuses on

Thus, we can say:

e V = .L

equations:

M

l7z.. .=.

z.
e..V -:::. he.

t.,)

)..

or

V= he
)..e.
Camera focuses on the

The tube construction is similar

modern version of tl!.e

to the original tube used by

Franck and Hertz tube

Franck and Hertz.

manufactured by Klinger
Scientific Company.

A

. ing and stable position of the
electrodes assures dependable

person shows the different results.
parts.

Rigid mount-

The tube is housed in

a thermostatically-controlled
metal oven since the temperature
is critical in this experiment.
Description of the tube:
1.

The tube has a planoparallel

system of electrodes in order
to avoid deformation of the

100
electric field.

The distance

between the anode and the
counter electrode is small in
comparison to the average free
path of electrons;whereas the
distance between the cathode
and perforated anode is large
in comparison to the free path
of electrons to assure

~he

highest probability of collisions.
2.

A platinum ribbon with small

Barium-oxide spot serves as a
direct heated cathode.

A dia-

phragm connected with the cathode
limits the current and eliminates
secondary and reflected electrons,
making the electric field more
· uniform.
3.

In order to avoid current

leakage along the hot glass wall
of the tube, a protective ceramic
ring is fused in glass as a feedthrough to the counter electrode.
4.

The tube is highly evacuated

and coated inside with getter
which absorbs traces of air
during the manufacturing process

101
and acts as absorbent during the
entire lifetime of the tube and
prevents any changes i n performance.

A person shows the oven.

The oven consists of a steel
cabinet, 24 x 16 x 15 em,
containing a heating element
which uniformly heats the tube
and all connections leading to
the tube.

The heating element

is mounted on the bottom of the
housing: its consumption is 300
watts.

The temperature in the cabinet
is kept constant by a thermostat which can be regulated
from the

outside ~

A hole in

the top of the cabinet is provided for the thermometer.

Camera focuses on

As a measuring device for

electrometer.

current, we will use a

De-

Amplifier and Electrometer
type 1230-A made by General Radio.
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General. The type 1230-A DCAmplifier and Electrometer is
a power-line-operated, directcurrent, vacuum-tube voltmeter
of high sensitivity.

The

instrument, which uses neither
a chopper nor a vibrator, has
three direct-coupled stages of
amplification.

Its input

resistance is extremely high
because. an electrometer-type
tube is used in the first stage.
The output is indicated on a
5-ma panel meter or on a recorder.
Purpose.

The instrument is

essentially a millivoltmeter.
A panel switch, which allows
the selection of a resistance
standard in decimal steps from
10 4· to 10 11 ohms, adapts the
instrument for use as a millimicromicroammeter and a
megarnegohmmeter.

The provision

for recording e x tends the use
of the equipment to monitoring
and curve-tracing applications.
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Controls. The following lists
the controls on the panel of
the instrument:

MV~Volts-Ohms:

Nine-position rotary switch-selects voltage and resistance
ranges.
Input Resistance or Ohms
Multiplier:
10-position rotary switch-selects resistance standard.
Polarity: Toggle switch--selects
polarity of input voltage or
current.
Zero(push): Push-lock button~
permits disconnecting input for
checking meter zero.
Power: Four-position rotary
switch--controls power-line
connection.

Meter opened for

first two positions.
Ground: Three-position switch-grounds one of three rear-panel
terminals.
Coarse-Zero-Fine: Two rotary
knobs--for setting meter to zero.

-

-----'==--------=
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Camera focuses on the

The connections on the rear panel

.rear panel of

of the instrument are:

elect.rometer.

Input: Coaxial connector--input
connection.
None: Jack-top binding post-ground terminal.
I,R,E:

Ja~k-top

binding posts(3)

low-impedance-level guard terminals.
Output +, -

: Jack-top binding

posts(2) terminals for connecting
recorder or accessory meter.
llS(or 230) Volts: Recessed
male 50 - 60 connector--power
input.

The person indicates in

Current Measurements.

the front panels the

of measuring current is to note

selected resistance.

the voltage developed across the

One method

selected resistance standard (RA)
by the unknown current.

Since

the resistance values of the
standards are multiples of 10,
the meter reads current directly.
The "ammeter resistance" of the
instrument is equal to the
resistance RA, as determined by
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the setting of the Input
Resistance switch.

Person indicates the

Now let ua indicate the operating

different steps taken

procedure of the electrometer.

for preliminary

Preliminary Settings.

settings.

Before turning the power ON, set
the panel switch to 10 volts,
push the ZERO(Push) switch in,
and rotate it slightly to lock
it in.

With the switch in this

position, the INPUT terminal is
disconnected.

Close the output

circuit at the OUTPUT terminals
either by using the Type

274~SB

Shorting Bar supplied with the
instrument or by connecting a
recorder or other external circuit (of less than 1500 ohms) .

Turn the power switch from OFF
to ON.

The power switch has

four positions for optimum
switching sequence.

In the first

position, power is OFF and the
meter-output circuit is open.
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In the third position, the meter
circuit is connected but is
In the fourth (ON)

shunted.

position, the shunt is removed
and the instrument is ready for
operation.

Although no damage

will be caused if the instrument
.i s turned on by external means
without following the above
switching sequences, the meter
surge may be greater.

Set the meter at zero by means of
the COARSE and FINE ZERO controls.
The zero setting is the same for
all voltage ranges.

For the

. most precise adjustment, set the
zero with the range switch at
30 mv.

Do not permit the meter

to deflect off scale for any
appreciable time.

During the first fifteen minutes
or so, the meter zero may change
several millivolts; it is easily
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reset to zero.

Warm-up time may

be greater if the amplifier has
not been used for some time

or

if it is enclosed in an EsterlineAngus case.

After warm-up, the

zero may continue to drift, but
the drift rate should not exceed
~

mv per hour; in most instruments

it is less than 1 mv per hour.
Drift will usually approach zero
as operation time is increased.

When pushed, the ZERO(PUSH) switch
opens

~he

high INPUT terminal,

but does riot otherwise disturb
either the "unknown circuit" or
the amplifier circuit.

To lock

in the position that disconnects
the INPUT terminal, rotate the
control after pushing it in.
The control springs out and
reconnects the INPUT terminal
when it is further rotated and
released .

When connections to the

INPUT terminals are to be changed,
the INPUT terminal must be

108
opened and the INPUT RESISTANCE
switch must be set to zero.
Otherwise, under some conditions,
the amplifier will be subjected
to a large voltage surge and may
require an appreciable time for
equilibrium to be established.

The ZERO(PUSH) switch is also
used to disconnect the unknown
and so .to permit the checking
and readjustment of the meter
zero.

A zero check and read-

justment may be desirable if the
final INPUT RESISTANCE switch

settin~ is at 10 11 ohms because
of possible grid-current effects.
An occasional zero check and

readjustment may also be desirable when data are being recorded
at the most sensitive ranges.

Set the POLARITY switch for the
polarity of the input voltage
or current at the high INPUT
terminal (center terminal of
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the coaxial assembly) .

The

POLARITY switch does not
function when the MV-VOLTS-OHMS
switch is at OHMS.

Camera focuses on a

Now

that you have seen the

diagram of connections

different parts and equipment

of the equipment being

that you will use in your

used.

experiment 1 let us relate them
to the diagram of connections.

· Of course, you can follow the
diagram included in your
laboratory guide.

Camera focuses on the

The professor mentions in a

different apparatus

very spontaneous manner how

which will be used

the equipment is related to

in the experiment.

the different parts of the
diagram.

Camera focuses on the

Now that you have a basic back-

electrometer.

ground on this experiment) let
us proceed with the connections.
Connect the electrometer to
measure the current.

Observe
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how it is conriected.

It is very

important that you ground the
shield of the cable to the oven.

Camera focuses on the

Let us connect the filament now.

power supply and then

Watch the connection carefully.

to the oven and rheostat

We use the variable rheostat to

showing the connection

regulate the current in the

to the tube filament.

filament.

Camera focuses on the

Next, we will connect the

power supply and the

accelerating potential.

oven) showing the

the connection carefully.

Watch

connection to provide
the accelerating
potential.

Camera focuses on a small

This time we will connect the

power supply and then

retarding potential.

the oven to indicate

this connection carefully.

Observe

the connection to
provide the retarding
potential.

Camera focuses on the

Finally, we will connect our

electronic voltmeter.

electronic voltmeter to measure
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the accelerating potential.

i.!

Camera focus on the

Apparently your instrument is

whole apparatus to

ready to be used, but let's go

trace the connections.

back and try to trace all the

A person indicates the

connections .

importance of grounding

mention an important point.

the equipment.

must establish common ground

However, let us
You

connections between the power
supply, the retarding potential,
the oven,and the electrometer.
This apparatus is very sensitive
to grounding problems.

So,

every ground in the picture
must be connected.

~amera

focuses on the

Turn on the electrical power of

assembled equipment

your equipment.

It takes about

ahd a person turning

20 minutes to . reach the proper

on .the electrical

temperature of the operation of

power.

the oven.

Also, it takes some time

for the electrometer to reach
stabilization.

So, we recommend

that you turn both the oven and
the electrometer on about

2~

minutes before starting your
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experiment.

Be sure that you

check all your connections
before turning on the electri cal
power of all your instruments.
Also, have your T.A. check or
recheck your connection.

Now,

you are ready to start your
experiment.

Camera focuses on two

"Don, I'd like .to ask you a question

students in a

about the filament rheostat. Why

spontaneous dialogue.

is it necessary to have it?

One asks

can't we just have the voltage

questions

Why

and the other gives

go straight to the oven?"

some right and wrong

"Well, the basic idea of including

answers.

the rheostat ~s simply to adjust
the cathode current."
"I see; I noticed as I studied
the experiment that when I turned
the accelerating potential about
a little bit above 50 volts, I
had. a blueish glow.

Is this

the way the tube is supposed to
look?
glow?"

What is this blueish
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"O.K., that is a good question
Mark and that is something you
should never have.

That is

called gas discharge.

That is

actually very detrimental to the
life of the tube, and any time
this happens you should
immediately decrease the
accelerating potential until
it stops.

So never let your tube

show a · blue glow."
"O.K. I was wondering how
critical the temperature was
in this expeiiment."
"That is another good question
because that is where the gas
discharge basically comes from
in addition to the accelerating
potentials, and, that is, if the
temperature is too high} it is
very easy to have gas discharge)
but if it is too low;then it is
very difficult to get ionization
from the mercury atoms.

So, the

temperature of the tube is just
about perfect."
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The dialogue continues and the
voice of the professor finally
asks:
"Do you

th~nk

that Don's answers

to Mark's questions are correct?"
Think and give us your opinion.
Now, let us discuss your data and
results of the experiment.

THE FRANCK AND HERTZ EXPERIMENT

LABORATORY GUiDE

ATOMIC PHYSICS
Instructor: Andres F. Rodrigu ez

Introduction:
At the end of the nineteenth cent ury Classical
Physics was very advanced and great strides were already
made in the fiel d of spectroscopy.

However, scientists

were still puzzled with problems about th e nature of the
indivisible units that constitute matter and the spectrum
obs e rved in discharge tubes.

In 1911, as a result of the

experimental work performed in the Cavendish's laboratory
(~land)

of the atom.

Rutherford proposed the first nuclear model
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Niels Bohr, on the basis of Rutherford's
conception of the atom, presented a new model which itself
was the starting _point for the modern ideas of atomic
structure.

Between 1913 through 1915, Bohr established his

famous postulates on atomic systems.

His postulates had

many important implications related to the existence of
stationary states in the atom and in the emission and
absorption spectra.

According to Bohr, the energy of

each stationary state is an intrinsic property of the
atom, having nothing to do with the way iri which the energy
is acquired.
He suggested an experiment to supply non-radiation
energy to an atom by bombardment with a beam of electrons
accelerated to a required energy.

The energy supplied in

this way should be accepted by the atom in absorption lines.
That is, the transfer of

~nergy

to atomic electrons by

any mechanism should always be _in discrete amounts and
related to the atomic spectrum through the equation. ·
The experiment suggested by Bohr was performed
by James Franck and Gustav Hertz of the Kaiser Wilhelm
Institute in Berlin.

We must mention that Franck and

Hertz had not seen Bohr's papers when they decided to do
their work.
Objectives:
After performing this experiment the student

- - ' = - - - - - - ---=----
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should be able to verify that:
a) it is possible to excite atoms by low-energy
electron bombardment.
b) the energy transferred from the electrons to
the atoms always has discrete values.
Theoretical Considerations:
The experimental arrangement of Franck and Hertz
is shown in the figure.
A . cross section through the
central axis of the tube is
represented.

It is filled

with the vapors of the element
under consideration at low
pressure.

The first experiment was performed with the tube containing the vapor at a pressure of
about 1 rnrn of Hg.

The electrons

emitted from the heated filament)
F, are accelerated through the
vapor toward the grid, G, and
the plate, P.

The distances

between F, G, and P, and the
vapor pressure are adjusted in
such a way that the mean free

- - - _ _= c - - - - =~------==--c.----=~---="'--
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path of the electron is much smaller than the distance FG,
while it is slightly larger than the distance GP.

These

conditions assure that electrons collide many times with
mercury atoms in the path between F and G.

Any electrons

reaching the plate will register current in the currentmeasuring device, I, an ammeter or galvanometer.
An electron starting from rest at F will have
fallen through a potential V when it reaches G.
The velocity of the electron is obtained from the relation

e.

v = -I

2.

As the potential V is increased, the kinetic energy
of the electron also increases.

Also as the potential V

is increased, more and more electrons reach the plate
indicating a peculiar rising and falling behavior in the
current.

As the Bohr Theory views this experiment, low

accelerating potentials supply the electrons with less
than the full quantum of energy required to promote a
mercury atom from one stationary state to another.

Colli-

sions with the mercury atoms are "elastic", and little
energy is lost by the electrons even in many collisions,
so the current will increase as we expect in any electron
tube.

- - -=~---==-c..c-------'-==-
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As V increases, the kinetic
energy of the electrons
approaching the grid also
increases.

If this kinetic

energy is nearly equal to the
first excitation energy of
Voltage Divider

.·

the neutral atoms, approximately
+0...60V•

Hg

4.9 eV,

inel~stic

collisions

will take place near the grid.
6V~

The electrons, after losing

Variabfo R~sistor
2... JQ

most of their energy in exciting
the atoms, will not be able to ·
cross the retarding potential
V · between the grid and the
r

.

plate and the current will drop.
With further increase in V, the electrons suffering
thei~

first inelastic colliiions will still have enough

energy left to reach P against vr.
.

.

This will be

indic~ted

.

qnce again by an increase in the current.

Eventually the

next drop in current takes place when the electrons have
twice the first excitation energy, i.e., the electron
loses all its energy in exciting two different neutral
atoms of the same element (mercury in our case) to their
first excited states, and so forth.
Suggested Procedure:
Before you start working on your experiments or
make any

correction~

we suggest that you read carefully
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the theoretical considerations on this experiment since
they are extremely important.
1. Proceed to read the notes attached at the end
of this study guide, in which we describe the different
parts and apparatus that you will use in this experiment.
2.

After watching the video-tape that was pre-

pared on this experiment, you must try to make the
necessary corrections according to the block diagram
included at the end of this study guide.
laboratory assistant or instructor.

Check with your

You can turn on the

T.V. monitor again and listen carefully to the explanations.
However, we recommend that you follow the following steps
. in getting ready for your experiment:
a) Connect the filament to the po·wer supply.

Also

connect the accelerating voltage from the power supply as
indicated in the diagram.
a

The filament is connected through

rheostat to regulate the current.
b) Use a small

pow~r

supply or voltage divider to

.apply the retarding potential .
. c) Connect the electronic val tmeter to record
increase in the accelerating potential.
3.

Turn on the oven and the electrometer.

It

takes about twenty minutes for the oven to reach the
proper temperature of operation of the tube (180° C+l0° C).
Remember that the temperature of the tube is crucial in
this experiment.

Why?

-=~-----~==~----~~------

During this time the electrometer
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I

I

reaches stabilization, but we recommend that you have it
on for a long time before you start your experiment.

Review

the instructions on operation of the electrometer.
4.

Increase the grid voltage to about(or near)

fifty volts(caution).
meter to 10

Set the sensitivity of the electro-

-9 Amperes and the .retarding potential to 1 volt.

Slowly increase the filament current by adjusting the
rheostat.
5.

Why?
Decrease the accelerating voltage V.

Now the

apparatus is ready to be used.
6.

Slowly increase the accelerating voltage V.

Record this voltage and the corresponding plate current I
measured on the electrometer.
To define clearly the maxima and minima which
occur at lower voltages, it may be necessary to change
scales in the electrometer.
·: · 7.

Record all your data and write the report on

· this experiment.
You are supposed to come to the "Group Session"
with your lab report, questions, comments, etc.
Note:
The following books and papers will help you to
prepare a good report.
1.

Arya, Alan.

Fundamentals of Atomic

Allyn and Bacon, 1971.

-=--='--- - - - - - - - - - -

Physics, Boston:

p
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2.

Melissinos, Adrian.

Experime nts .in Modern Phy s ics,

New York: Academic Press, 1966.
3.

Cropper, W.H.

The Quantum Physicists, New York:

Oxford University Press, 1970.
4.

Alonso, M. and Finn E.

Fundamental University Physics,

Reading: Addison Wesley, 1967.
5.

Klinger Scientific Apparatus Company Bulletin 104,
Cat. No. 4307, New York: 1964.

Chapter VII
SOHE FINAL CONSIDERATIONS
"Why does this magnificent
applied science which saves
work and makes life easier
bring us so little happiness?
~he simple answer runs:
Because
we have not yet learned to make
sensible use of it".

In this chapter, I will try. to summarize the
process of producing the video-tpaes.

I include also

some personal considerations related to the educational
process.
After we identified the interests and needs of
ou~

Physics lab students in the

hi~toric

and social context

and in the specific context of the University of the Pacific
· in Stockton (California), we found that the activities
planned i~ the traditional system did not fulfill the
objedtives of the experimental part of some of our courses.
Ih this way we made a revision of the objectives,
filtered them through philosophic-educational and
psychological filters, then proceeded to select the
apprenticeship activities and to organize them.

The

activities were planned using an instructional multimedia aid: video-tape.
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1.24

After the development of this approach for our
laboratories, we can conclude that the video-tape helps
the professor to be a better professor, but the creativity
and versatility of the professor determines the new roads
he can open for his students.
The planning of the video-tape has to be done
according to a scheme that fulfills the objectives.
If not, the tape will be an activity lacking pedagogical
sense.

The time of production has to be well-distributed.

When the laboratory to be taped is chosen, we have to check
the equipment available and perform the experiment
thinking in terms of the student as much as possible.
T~e

best thing to do is to choose quite carefully and

exactly .w hich points are important · to shoot and then
figure out how to do it.
Research on the original papers and the books
and materials concerning the experiment gives us a lot
of ideas. ·· We can take from them the pictures and ideas
or figures to use.

Afterwards we make the selection

of the material to use.

The contrast between the colors

have to be strong but not colors or materials that reflect
light strongly.

In preparing the titles, equations, etc.,

it is better to use pressure-sensitive vinyl plastic letters;
in this way we save time.

=---------
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We can proceed to do a scheme of the general
organization of the tape.
script.

Once it is done we write the

The best way to do it is to divide the script

in two parts:

audio · and video.

In 'o rder to help the

!'.talent" to remei'nber the script, I suggest copying ·and projecting

it, using an overhead projector in such a way

that the actor could read it, avoiding the use of "big
signs" or "cue cards''.

Of course, we must check for any

noise produced by the projector.
It is necessary to take into account the time
involved in producing the tape.
very long.

Otherwise it might be

In the selection of the "talent" or "actor", we

have to think of a person with ability to talk in front
of the camera, good knowledge of both theoretical and
experimental

physics~

and, if .possible, a good "accent" .

. . When all the materials are ready, we can start
· · to shoot the film.

Hmvever, we recommend doing a "cold

rurt" on each sequence and then proceeding to film it.
It is important to take short sequences instead
of long ones, because if we have to repeat them (this
happens quite often), we do not have to do a long section.
It is a good idea to run the camera at least three
seconds before and after taking a certain sequence,
because in editing the final tape, we have a third
generation tape, and if there is no spacing between
different scenes that were filmed, we end up with a
"loose tape".

- - -----
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If there is only one camera available, every
sequence being filmed should start with objects or
persons in different positions.

This procedure helps

to avoid the problem of having "jumps •t between two
consecutive sequences, which will give the impression
of an old movie.

The lights must be used in such a way

that they do not produce reflections on the objects,
clothes, or titles.

I recommend taking different "shots"

of the same scene, because one can select or choose the best
one.
Before editing the final version of the videotape, it will be good to show the tape to other professors
and students.

They can judge it and give ideas and

suggestions to improve the final product.

Something

very important after the editing is to keep the matrix
tape, because if the edited tape is damaged, it is
possible to make another.

In the first video-tape, and

because of our training, we spent too much time due to
several mistakes.

However the other was easier, because

we improved practice.

Keeping the material from previous

tapes labeled is very helpful.
some parts from

~revious

Sometimes we can use

tapes.

After the students finish their laboratory work
using the tapes, etc., I recommend they write a report.
In the advanced lab it should be carefully prepared.
The educational purpose, is to guide the student in
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writing a scientific report.

He will have to use the

instructions for writing a report, preparing the
bibliography, footnotes, presenting topics in order, etc.
After the video-tape is ready, I recommend evaluating i t
as an educational aid.
The professor should prepare adequate questions
and ways to test the students in the feedback session
in order to accomplish the objectives.

Finally, the

professor should evaluate the experiences acquired by
the students to see if they are in agreement with the
objectives, looking for the reasons that hindered the
development of the process.

If there were mistakes,

. he has to start the cycle again.

The evaluation has

. to be . a proce$s of permanent renovation.

Unfortunately

I cannot complete this evaluation process, because
these activities of appreriticeship will be used in the
Fall of this year.
is given as follows.

An schematic summmary of the process
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Appendix A
Instructions for the Electrometer
Faraday Ice Pail and Charge Producers
MODEL 224 ELECTROMETER (Pasco Scientific)
(Reproduced with permission of Pasco Scientific Co.)

I-A MODEL 224 ELECTROMETER - INTRODUCTION
The Electrometer and Electrostatics:
Electrostatics is the study of electrical charges and their characteristics.
To experimentally investigate electrostatics, some charge-detecting or measuring
device is needed.f-'.The most common instrument for this purpose is the electroscope, a device with two thin gold leaves vertically suspended from a common
point • . When a charge is brought near the electroscope, the gold leaves separate,
roughly indicating the magnitude of the charge.
Although there are many different versions of the electroscope, all such instruments depend upon the repulsion of like charges to produce an output or reading.
Unfortunately, such devices are relatively insensitive (large charges are required to make the gold leaves separate), and the device does not give a quantitative reading--there is no calibrated scale.
An electrometer is what might be called an 11 electronic electroscope 11 • However,
instead of observing gold leaves separates one can observe a meter pointer
movingover a calib1·ated scale. In addition to providing a quantitative measurement, the electrometer is much more sensitive (requiring less charge to make a
measurement) and indicates polarity directly • .
Potential versus Charge:
For all the experiments described in this manual, the primary measuring instrument will be the Model 224 Electrometer. As will be noted from looking at the
front panel, the instrument measures DC volts, or potential. While there are
many electrostatics experiments in which potential is measured, in other cases
it is necessary to measure charge. This problem has a very nice solution
which will be experimentally examined in the set of experiments in this manual.
The solution is called Q=CV and i~ the relation which says that the charge of
a system is equal to the system•s capacitance times its potential.
Consider a voltmeter measuring the potential across a capacitor as shown in
Figure 1. If an unknown charge is to be measured, the charge may be transferred
to the capacitor and the resulting potential across the capacitor measured.
By using the Q=CV relation, the charge may be ca1culated. There are many
cases, however, when it is impractical to transfer the unknown charge to a
capacitor and, in cases such as these, the unknown charge is used to "induce"
a charge on the capacitor. This method will be explained in the experiment
11
Faraday Ice Pail". In all cases, however, the method of measuring charge is
basically the same . The system, of which the electrometer is a part, has a
capacitance~ and we me asure the potential across the capacitance.
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FIGURE 1

v

One final word should be mentioned about using potential to measure charge.
If the capacitance of the system is accurately known, it is easy to calculate
· the absolute charge. However, if the capacitance is not accurately known but
does remain constant during an experiment, then we can still measure relative
charge. In other words, although we cannot calculate the exact charge, we do
know that if the electrometer reads double that of a previous reading, the
~-~~~
charge is double that of a previous charge.
. . ... .
: . .. ·:: : .:. J • ...

1-B MODEL 224 ELECTROMETER - OPERATING INSTRUCTIONS ·
Front Panel Controls and Connections:
"FUNCTION~ Switch - Selects the full scale range of the instrument (1, 3, 10,
30 VDC) and permits testing of the batteries.

"ZERO ADJ" Control - Electronically adjusts the meter to zero. The ZERO
- Switch must be in either the LOCK or CHECK position when the ZERO ADJ Control
is used.
•• ,

.

. .

"ZERO" Switch ~ In the OPEN position, the input to the ~lectrometer is open
and measurements may be made. In both the LOCK and CHECK positions, the input
is shorted and the meter should read zero. the CHE.CK position is for momentary
·. ~hecking of zero, since the switch will spring back t~ th~ OPEN position upon
releasing the knob. The LOCK position, however, will keep the input shorted
until the switch is physically moved back to the OPEN position. When the instrument is not in use, the switch should always be in the LOCK position.
"OFF-ON" Switch - Turns the unit ON or OFF.
"INPUT" - The BNC connector of either the shielded probe or low capacitance
cable is connected at this position •
. "GND" - A five-\~ay binding post for grounding the instrument. The binding post
is connected to the chassis of the instrument, as well as the outer connector of
the INPUT.

1-B
"OUTPUT" - These two jacks provide a ±3 VDC ("!:10%) output for a fu'll-scale
reading on any range. Not more than 5mV should be drawn from these outputs.
NOTE: Neither output terminal is connected to chassis ground, and no attempt
should be made to connect it to chassis ground. The red jack will be positive with respect to the black jack when the input is positive.
Operating Procedure:
a.

Before turning the instrument on, check that the meter is mechanically
zeroed. If not, adjust the zero with the screw directly beneath the meter
face.

b. Slide "ON-OFF" switch to "ON" position.
c.

Turn FUNCTION" switch to 81 pos.ition. Meter pointer· should read to the
left of the "81 line on the meter. scale. If meter reads to the right of
the line, see Battery Replacement .. in the "Maintenance .. section which
follows.
11

11

11

11

11

d.

Turn "FUNCTION switch to B2 position. Meter pointer should read to
the right of the B2" line on the meter scale. If meter reads to the left
of the line, see "Battery Replacement ...
11

11

11

11

e.

Turn the FUNCTIOW Switch to the l-volt position. Flip the "ZER0 switch
to the "LOCK" pas iti on. Adjust the "ZERO SET" contra 1 until the meter reads
at center zero. NOTE: The ZERO" switch must be kept in the LOCK position
while the ZERO SET control is adjusted. Merely shorting the input leads
is not suffi~ient for zero adjustment. If the meter cannot be zeroed, ~ee
"Coarse Zero Set" in the uMaintenance section which follows •
11

11

11

11

11

11

11

11

11

11

. f.

Connect the shielded input cable to the INPUT connector.

IMPORTANT: TO ZERO THE INSTRW~ENT, ALWAYS USE THE "ZER0 SWITCH (IN EITHER THE
"LOCK OR "CHECK .. POSITION). MERELY SHORTING THE INPUT LEADS TOGETHER IS NOT
SUFFICIENT!!! ·
11

11

Voltage Measurements:
The PASCO Model 224 Electrometer has a maximum range of 30 VDC. Although the
instrument will withstand much higher voltages with no damage to the circuit,
it is not advisable to connect the input to a source over 30 VDC. NEVER, under
any circumstances, connect the electrometer to an electrostatic generator, such
as a Van de Graff or Wilmhurst machine. Also, NEVER touch the input leads until
you have grounded yourself to an earth ground. A person can easily pick up a
potential of several thousand volts by walking across a rug on a cool, dry day.
Connect the shielded cable to the source to be measured. When the center
conductor of the input cable (red alligator clip) is positive, the meter will
r~ad on the right, positive side of the scale • . When the center conductor is
negative, the meter will read on the left, negative side of the scale.
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Adjust the ''FUNCTION 11 switch so that the highest reading, without going · off
scale, is obtained. The 11 FUNCTION 11 switch will indicate the scale being used.
.

.

.

. ..

.

.

..

.

To maintain the high input impedan~e of the Model 224 Electrometer, only high
resistance materials (Teflon, Polystyrene, Polyethelene) should be used for
insulators in the connecting cables, cable connectors, and any mechanical supports
for connecting wires. Connections should be kept clean and dry.
·
When using the electrometer, it is desirable to shield as many of the connecting
wires as possible, since stray electrostatic fields near the input can affect
the measurement. The lower the voltage range used, the more important the ·
shielding becomes.
Current Measurements:
The Model 224 Electrometer may be used to measure current by placing a shunt
resistor across the input. The current is then calculated from Ohm's law,.
I=V/R, where V is the potential indicated by the electrometer and R is the
shunt resistance.
Charge Measurements:
a. · Measuring the Charge on a Body: The charge on a body may be measured
by using a device known as a Faraday Ice Pail. The procedure is as
follows. A charged object is placed inside a conductive surface or
.
Faraday Ice Pail (a coffee can, for example), and the conductive surface
is connected to the electrometer. Since the charged object will induce
an equal charge on the outside of the surface, the electrometer will
indicate a potential. By using a known charge, the electrometer may
be calibrated to measure charge. (See experiment entitled "The
Faraday Ice Pail.")
·
b.

Measuring the Charge on a Capacitor: If the capacitance (C) of a .
. capacitor is known, then measuring the potential (V) across it will
yield the charge by Q=CV. The electrometer and connecting cables have
a certain capacitance which is connected in parallel with the measured
capacitor. This capacitance (Ce) must be taken into account during the
measurement, and, therefore, the charge is actually Q=(C + Ce)V • .
Note: When the Model 224 Electrometer is used with the shielded probe,
Ce is .approximately 150 pf. · ·

Output:
The banana jacks on the front panel marked "OUTPUT 11 provide a ±3VDC output
(within 10 ~ ) for full scale meter deflection on any voltage range. When the
input is positive, the red jack will be positive. H1PORTANT: THE GLACK JACK
IS NOT CON NECTED TO CHASSIS GROUND, AND UNDER NO CIRCUMSTANCES SHOULD IT GE
CONNECTED TO CHASSIS GROUND.

-----==
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MODEL 224 ELECTROMETER

~

MEASUREMENT TECHNIQUES

The electrometer that will be used for performing the electrostatics demonstrations in this manual is a sophisticated instrument, and, as such, it is
necessary to know the techniques of proper operation. IT IS ESSENTIAL THAT
THE FOLLOWING SECTION BE WELL UNDERSTOOD BEFORE PERFORMING THE EXPERIMENTS.
A.

Measurement by Contact versus Measurement by Induction:
Suppose the electrometer, using the 10-volt range, is connected to
a 6-volt battery. The electrometer will indicate 6 volts. Suppose
the ele~trometer input cables ate now just left lying on an insulating
surface. If a piece of plastic is rubbed with a piece of cloth and
the plastic is brought near the red input lead, the electrometer can
again be made to read 6 volts. In both cases, the electrometer says
that the potential at its input is 6 volts. But what is the actual
situation?
Consider the electrometer to be a perfect (infinite input impedance}
voltmeter across a 30 pf. capacitor. This is shown in Figure 2.
Now consider that input leads are att ached to a battery. The positive
terminal of the battery will charge its respective capacitor plate
positive, while the negative terminal will charge its capacitor plate
negative. The capacitor is charged to 6 volts ar.d the electrometer
reads 6 volts. This situation is shown in Figure 3.

1v

+ + +

j
FIGURE 2

+ + +

l

+ + +

v

+ + +

+
6V

1
FIGURE 3

If the battery is disconnected and a positively-charged piece of plastic
brought near the input, the following happens: negative charges are
attracted towards the plastic, while positive charges are repelled; the
only place to which the positive charges can go is the capacitor; the
positive charges on the capacitor attract negative charges to the other
plate and repel positive charges. The resulting situation is shown in
Figure 4.
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FIGURE 4
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B. 60Hz AC:
Measurements by both induction and contact will be used. Where measurement by contact is made to a low impedance source, there is no problem •
. However, if contact measurement is to be made from a high impedance
·source, such as the conductive paper used with PASCO field and equipotential plotter, a major problem can arise -- a 60Hz AC pickup.
All AC wiring, and in particular fluorescent lamps, produces 60-cycle
electric fields in its vicinity. These fields can easily generate
potentials in the 50 VAC range across a high impedance source. An
excellent example of this is to hold the ground and input leads of an
oscilloscope in each hand; by doing this, one can easily generate a
50-volt peak-to-peak signal between hands.

Fortunately, all the PASCO equipment which requires contact measurements
includes some ··built-in technique for eliminating 60-cycle AC signals.
However, if the student should desire (and hopefully he or she will) to ~.
design some experiments with contact measuring on high impedance sources,
then an oscilloscope should be connected to the electrometer's output
to insure that a DC-- and not an AC -- signal is being measured • . If ·
no AC is present, the scope trace will appear as in Figure 5. If AC
is present, the scope trace will appear as in Figure 6, with the upper
peaks of the waveform possibly Clipped
11

11

•

'3V

FIGURE 5

FIGURE 6

AC signals can be eliminated from induction measurements by shielding
leads and by shielding the Faraday Ice Pail (a device which will be
explained later).

1.35

C.

Grounding:

I-C,O

The most important requirement for electrometer ~easurements is a good
EARTH -- and, to repeat -- EARTH ground. This means that a grounding
wire should be available that either conhects to a water pipe or the
ground wire of a 117 VAC outlet.
In all cases where the electrometer is not . required to float (not connected to ground) -- and such experiments will be :carefully labelled -the ground connector of the electrometer should be -connected to the
earth ground. The reasons for the earth ground are many: Many stray
charges are produced during experiments and some form of drain is needed
to eliminate them; only an earth ground is satisfactory. ~1oreover, the
earth ground acts as a reference point from which all measurements can
be mJde. Finally, the earth ground connected to the cable and Faraday
Ice Pail shielding provides the necessary isolation from AC signals.
Not only must the equipment be grounded -- so must the experimenter.
Clothing can easily produce stray charges and these must be drained to
ground. The good experimentalist will find himself/herself continuously
keeping one hand on an object (the Faraday Ice Pail shield, for instance)
which is earth grounded.
D.

Input Capacitance:
The electrometer has an input capacitance of between 30 and 35 pf.
When the shielded input cable is connected, the input capacitance increases to about 150 pf. Whenever measurements are being made on a
system with a similar capacitance, the input capacitance of the electrometer must be taken into consideration. This subject will be further
discussed when the experimental equipment is examined.

1-P ·fi\ODEL

224 . ELECTROMETER - THEORY OF OPERATION

The Model 224 Electrometer is a 100%-feedback measuring amplifier with a MOSFET input. With the aid of Figure 7, this rather imposing description can be
explained. (Figure 7 is on the following page.)
Before examining the circuit operation, it is ne.cess:ary to explain the
operation of the two key components. The MOS FET (Metal Oxide Semiconductor
Field Effect Transistor) is a device (marked Q on the figu-re) which has a
. very hTgh resTstance (1ol4 ohms) between its Gate (marked G on the figure) and
Source or Drain (marked Sand 0 on the figure). In the circuit the device is
connected in a Source follower configuration. This mean~ that if the Gate has .
a +1 volt signal, the Source will also increase its potential by 1 volt. The
Source follows the Gate. The purpose of the MOS FET is to act as an impedance
changer. From an input impedance of 1014 ohms, the output impedance is on the
order of lOK ohms.
An operational amplifier (op amp) is a very high gain (voltage amplification of
100,000) amplifier (marked A on the figure) \'lllich produces an output proportional
to the eli fference between its two inputs. One of these inputs, marked ''+" on
the figure, produces a positive output when the input signal is positive with
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respect to the ether inp~t, mar~ed "-" on the figure. Jhe "-" input produces
a negative ·output when its input signal is positive ' with respect to the "+
input • . The other interesting characteristic of -the . op . amp is that it operates
from a double-ended power supply. In other words, · thel~e are ·'three power connections to the amplifier--a positive voltage, a ground or common (indicated
by
on the figure), and a negative voltage. This configuration permits the
_op amp to have either a positive or negative output with respect to battery
ground or common. _
11

Referri~g to Figure 2, the electrometer operates in the following manner.
Let it be assumed that the Gate of the ~IOS _ FET is connected to the battery
ground or COtmlOn. R is now adjusted so that -the sourcejs aJso at battery
ground. Since ·the negativ_e _op amp input is connected'~; to the source and the
· positive input is connected to battery ground, there. -is ~zero output (both
inputs are at the same potential). Zero output- is ·equivalent to the output
being at battery ground. Since. the output of the op ·amp is connected to chassis
ground (indicated by
on the figure), the Gate could be connected to the
chassis ground and all circuit potentials would remain the same. Effectively
the input is now grounded, and the meter, which is connected between the op amp
output and battery ground, reads zero since there is no potential across it.

·.

At this point, let a 1 volt potential be placed between the Gate and chassis

ground. The Gate and Source therefora increase by l volt. lhe negative input
of the op amp now has a 1 volt signal and immediately the op amp output begins
to go negative. With a gain of 100,000 volts, the op amp would like to produce
a negative (\oJith respect to battery ground) output of 100,000 volts. However,
the op amp output is connected to the chassis ground and, as soon as the output
is negative 1 volt, the Gate has been brought back to batte~' ground. For all
practical purposes, the potential between battery ground and the op amp output
equals the input, but is opposite in polarity.
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The circuit may also be considered a system which is stable only when the op
amp inputs are equal. Therefore, it must always maintain the MOS FET Gate and
Source at battery ground. To do this, the op amp must always bring the chassis
ground equal to the input signal, but opposite in polarity.
There are many additional refinements to the r~odel 224 Electrometer, such as a
capacitive input divider and a set of range resistors on the output. The actual
instrument schematic is given in the "Maintenance'' section which follows.
1-E
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224 ELECTROMETER - SPECIFICATIONS, HAINTENANCE, & REPAIR.

A. Specifications:
a.

Voltage Ranges:

b• . Input Impedance:

c. Accuracy:
d.

1, 3, 10, 30 VDC full scale.
1014 ohms shunted by 20 pf.

±3% of full scale.

Zero Drift: The capacitive input · divider combined with the gate
leakage current of the MOS-FET can produce a maximum drift of
25 mV/min. This drift is only of consequence on the two lowest
ranges, and is easily compensated for by momentarily flipping the
ZERO switch to the CHECK position just before making a measurement.
This will eliminate any zero offset produced by drift.

e. Meter: Center zero type with 6.5 em. scale.
f.

Output: :t3v for any range full scale.
input are the same.

g.

Batteries: Two Burgess 2U6 or Eveready 216. (Standard 9V transistor radio battery ••.•. available anywhere.) Battery life approximately 150 hours.

h• . Physical:

B.

Polarity of output and

Size is 17.5 x 13.5 x 6 em.

Maintenance:
Syste~

Check Out:

The following procedure will indicate if the Model 224 Electrometer is
working properly, and, if not, how to correct the situation.
a. Check both batteries by steps C11 and 11 d11 of the 11 0perating Instructions11. If one or both batteries have to be replaced, see
"Battery Replacement 11 in this section.
11

b.

Check that the instrument will zero by step 11 e11 of the 11 0perating
Instructions
If meter will not zero, see 11 Coarse Zero Adjustment" in this section.
11

•
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c.

With instrument properly z~roed and ''FUNCTION" switch on the 30VDC
range, connect the input to a 30VDC source. Meter should read
30VDC ±3%. If reading is not within this tolerance, see "Calibrate
Adjustment" in this section.

d.

Check input impedance in the following manner. Zero meter and place
"FUNCTION" switch on 30VDC range. Connect input to a 30VDC source.
Once the meter has registered 30VDC, disconnect the input cable at
the front panel input connector. Once input connector is removed,
note the meter reading and the time. If input impedance is
sufficient, it will take 15 minutes or longer for the meter reading
to decrease to 30% of its initial value. If the input impedance is
insufficient, see "Repairs" in this section.

e.

Check zero drift in the following manner. Zero the meter (flip ZERO switch to CHECK positi6n, adjust ZERO ADJ cohtrol, andreturn ZERO switch to OPEN position). Short the leads of the input
cable together. Flip the ZERO switch to the CHECK position and
release. The meter reading should drift by a rate no greater than
25 mV/min. Flipping the ZERO switch to the CHECK or LOCK positions
should irrmediately bring the meter back to zero. If zero drift
exceeds 25 mV/min., see "Repairs" in this section.

..
- ~·

CAUTION:

Do not attempt a zero drift test immediately after the
has been opened (for replacing batteries, etc.) or after
the electrometer has been subjected to a very high input voltage.
Both of the . above circumstances can produce charges on the insulators
in the input circuit. When these charges bleed off, they can produce
the appearance of excessive zero drift. A Zero drift test is best conducted after the electrometer has been left unused with the ZERO
switch in the LOCK position for at least 4 hours.

elcctromete~

If the system check-out cannot be successfully completed, or the instrument is defective in some other way {unstable, broken meter, etc.), see
"Repairs" in this section.
IMPORTANT: WHEN REPLACING BATTERIES, ADJUSTING THE COARSE ZERO OR
CALIBRATION CONTROL, DO NOT .TOUCH ANY OF THE CDr,lPONENTS ON THE PRINTED
CIRCUIT BOARD OTHER THAN THE BATTERY HOLDERS OR TRIM POTENTIOMETERS.
THE PRINTED CIRCUIT CONTAINS THE HIGH mPEDANCE MOS-FET INPUT WHICH CAN
BE DAMAGED JUST BY TOUCHING THE l~RONG LEAD.
PLEASE EXERCISE EXTRH1E CARE TO FOLLOW THE ABOVE DIRECTIONS.
Battery Replacement:
Remove the four corner screws which fasten the front panel to the case.
Gently lift the front panel out of the case. The hatteries, Bl and 82,
are located behind the FUNCTION and ZERO ADJ ccr;tl·nls. {See Figure 8.}

. ·.

~

. -- ~ .
.• ,.\"

...

~

·.

139

I- E

Burgess 2U6
Bl

Eveready 216

TAB

MOS-FET
SOC ET

~~
COARSE
ZERO
SET ·

MODEL 224 ELECTROMETER
CIRCUIT BOARD

HIGH .
IMPEDANCE
COMPONENTS
DO NOT
TOUCH

Burgess 2U6
Eveready 216

FIGURE 8
To remove the batteries, gently pull the battery connection clip from
the battery terminals. (Take care not to bend the clip connectors or
pull the battery clip wires from the printed circuit board.) Grasp
the battery and lift if from its mounting bracket.
Place the .new batteries (Burgess 2U6 or Eveready 216 or any 9 volt
transistor battery" of the same size) in the battery bracket with the
positive terminal closest to the printed circuit board. Press the
battery clips onto the battery terminals firmly to insure a good contact.
11

Before replacing the front panel in the case, check steps C and d"
of the operating instructions to be sure that the batteries are properly .
installed and are making good contact with the battery holders.
11

11

11

Replace the front panel and fasten with four screws.
Coarse Zero Set:
Remove the four corner· screws which fasteri the front panel to the case.
Gently lift the front panel out of the case. Turn the front panel ZERO
AOJ control to its mid-position (one half turn from either end ). Flip
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the ZERO switch to the LOCK position. Turn the FUNCTION switch to the
3"'PDC position. Turn the instrument ON.
The location of the coarse zero set trim potentiometer is shown in
Figure 8. Insert a screwdriver into the trim pot, turn the instrument
so that the meter may be read and adjust the trim potentinmeter until
the meter reads as close to zero as possible. If the meter cannot be
brought to zero, see MOS-FET Replacement .. in this section.
11

Calibration:
Remove the four corner screws which fasten the front panel to the case.
Gently lift the front panel out of the case. Turn the instrument ON.
Turn the FUNCTION switch to the 30 VDC range. Flip the ZERO switch to
the LOCK position and make certain the meter is properly zeroed.
Connect the input to a known 30 VDC source. Flip the ZERO switch to
the OPEN position. Insert a screwdriver into the slot of the calibrate
·trim potentiometer ·(see Figure 8), and adjust the potentiometer until
the meter. reads full scale (30 VDC). Flip the ZERO switch to the CHECK
position and release. If the meter does not read full ~cale, continue
to adjust the calibrate trim potentiometer until it does.
MOS-FET Replacement:
If the instrument cannot be zeroed as described under 11 Coarse Zero Set 11
in this section, then it is highly probable that the MOS-FET has failed •
. The rt.OS-FET r:ay te ersi'~y r(q12:c.j bj' anyone with a basic knovJledge of
electronic instruments, providing the following steps are carefully observed.
·. ·•

a. Turn the
b.

in~trument OFF~

''

_:

·. -

~_: ..

'

Remove the four corner scre\'JS which fasten the front panel to
the case. Gently lift the front panel out of the case.

c. Gently grasp the MOS-FET (see Figure 8) between the thumb and
forefinger and 1ift out. Do not yank the ~~OS-FET or twist it;
otherwise the transistor socket may be pulled from its mounting.
d.

The replacem2nt MOS·-FET (order from P.A.SCO scir.ntific; see
parts list in this section) is wrapped in aluminum foil, and
the four 1eads of the tljOS-FET pass throuuh a pi cce of b1ack
paper. Rcr:ove th~ a 1umi num foil q~nt1y. IJO t~OT RH10VE THE
BLACK PJl.PER. IMPORTANT, 00 NOT REMLlVc THE BLACK PAPER.

e. The leads of the new ~mS-FET should bJ spread so that they fonn
a square about l/8" on each side. The ~10S - FET has a small metal
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tab protruding from one side (see Figure 8 ). The transistor
socket into which the MOS-FET fits has a small notch on one
side. The MOS-FET is inserted with the tab on the NOS-FET
directly over the notch on th~ sockei. If this orientation i~
not followed, the instrument will not operate and the new MOSFET will probably be destroyed.
f.

Grasping the new MOS-FET with the thumb and forefinger (NOTE:
The black paper is STILL on the MOS-FET), insert the four leads
of the MOS-FET into the four holes of the socket, making certain the metal tab of the MOS-FET is directly over the notch
on the transistor socket.
t

g. When all. four leads of the MOS-FET are securely in the transistor socket, gently tear apart the black paper and remove.
NONE of the black paper should remain between the leads of the
MOS-FET.
h. Turn the instrument ON.
i. Adjust

th~ coarse zero set trim potentiometer as described
under "Coarse Zero Set" in this section.

C.

Repair:
Should the Model 224 Electrometer require repair, it is strongly
suggested that it be returned to PASCO scientific. Because the instrument is light, postage is inexpensive, and, because PASCO is thoroughly
familiar with the instrument and maintains a complete stock of parts, .
·
repairs can be made quickly and at low cost.
If, however, repair in the field is desired, a schematic of the instrument and a replaceable parts list is included.
"Warranty and Equipment Return Instructions" are given at the end of
this Equipment Instructions Manual.

D. Schematic and Parts List:
The PASCO scientific part number for any of the following parts (see
next page) is the Circuit Ref. number preceded by the instrument
model number, 224. For example, the first part listed on this page
would have a PASCO scientific number of 224-Rl. Please refer to this
number, AND THE PART SPECIFICATION, when ordering a part.

I-E
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Circuit Ref.

Rl

Spec i fi c.ati ens

RESISTORS
. 100f1, ±10%, l/2 watt.

Circuit ·Ref.

Specifications

SEtH CONDUCTORS
CRl 1N5235B, 6. 8v 1 ±5% I 400rnW, Zener.

R2

SK Potentiometer, 1/4 watt.

R3

220 ohm, ±10%, 1/2 watt.

R4

lOK Potentiometer, l/4 watt.

Q2 2N2924, NPN, Transistor.

RS

6.8K, ±10%, 1/2 watt.

·q3 2N4916 1 PNP, Transistor.

R6

6.8K, ±10%, 1/2 watt.

Al

741C Operational Amplifier.

R7

5K Potentiometer, 1/4 watt.

Nl

High Impedance Discharge Lamp.

R8

31.6K, ±1%, l/2 watt.

R9

6.65K, ±1%, l/2 watt.

NOTE: · Devices with different EIA .
numbers, but similar specifications,
may be substituted for CR1, CR2, Q2,
and Q3 •

. RlO 2.43K, ±1%, 1/2 watt.

CR2 1N52358, 6.8v, ±5% 400mW, Zener •
1

. Ql MFE300l (Motorola) MOS-FET.

Rll 665 ohm, ±1%, 1/2 watt.
R12 340 ohm, ±1 %, 1/2 watt.
. R13 5.6K, ±10%, l/2 watt •
R14 68K, ±5%, l/2 watt. ·

SWITCHES
Sl

S2 DPST leaf type, high impedance.
S3 2 pole, 6 position rotary.

R15 33K, ±10%, 1/2 watt.
R16 5.6K 1 ±10% 1 l/2 watt.
R17 68K 1 ±5% 1 l/2 watt.

BATIERIES
Bl &82 9V, Burgess 2U6 or Eveready
216.

R18 33K 1 ±iO%, l/2 watt.
CAPACITORS
Cl

27pf.,

C2

330pf, polystyrene, ±5%, 500V.

polystyrene, ±5%, 500V.

"

DPDT slide (ON- OFF).

MECHANICAL
--- Kl

Blue Bakelite Case.

K2 Front Panel.
K3 FUNCTION Switch Knob.
K4 ZERO ADJ. Control Knob.

METERS

-M

100-0-100 microamp .

•

K5

Input Connector (UG-88/U).
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Circuit Ref.

Specifications

Circuit Ref. ·

Specifications

K6 GND Binding Post.

K9 Battery Connectors (2).

K7 Red Output Jack.

KlO Printed Circuit Board with
FUNCTION switch, Battery
Clips, and Teflon Sockets.

K8 Black Output Jack.

FIGURE 9
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ELECTROSTATIC ACCESSORIES: THEORY AND USE
II-A CHARGE PRODUCERS (ELS-1)
· The charge producers (two wands, one with blue and one \'lith white material
mounted on aluminum discs) are used to generate charge by contact. By briskly
rubbing the blue and white materials together, positive and negative charges
can be produced.

It is frequently desirable to start an experiment with zero charge on the charge
producers. This is accomplished by touching the aluminum backing disk of
each charge producer to ground. If any charge remains, it is probably. a stray
charge on the plastic rod next to the disk. By breathing on the plastic, the
moisture in one's breath will generally remove the charge.
After a period of 'time, the blue and white plastic materials will become dirty
and should be cleaned. Using rubbing alcohol, lightly rub the materials until
clean.
DO NOT touch the plastic insulators between the aluminum disks and the
handles, as perspiration or oils from the hand may caus·e the charge to
leak from the aluminum disk to the handle. Should th~ ~lastic insulator
become dirty and charge. leakage occur, clean . the .plastic insulator with
·
rubbing alcohol.
Note: Wh~n the charge producers are new or .have not bee~ used for long periods
of time, they may not immediately produce a charge when rubbed together~ .. However,
by rubbing the surfaces toget her for a few minutes and by va,ryjng .·the· rubbing
- technique ( 1i ght . or heC\vy pressure), the desired charge will be tiroduced.
:
..

~

. ·11-B PROOF

PLAN~

(ELS-1)

The proof plane is merely a conducting disk on the end of an insulating rod.
By touching the proof plane to a surface, the proof plane will acquire the same
charge distribution as the surface. ~~...f-h.~n-~4-f~:.gs--S.\ Q ;. ~Q.
,.,- ~. By measuring the charge on the proof plane, \oJe can determine the charge density on the surface. The greater the charge on the proof plane, the greater the
charge density on the surface where the proof plane made contact.
Caution must be exercised when using the proof plane, because once the proof
plane is touched to the surface to be sampled, the proof plane becomes part of
that surface. When the proof plane is properly used, it will minimize distortion
of the ch~rge on the surface. Since the charge di~trib t ttion ctcnends on the shape
· of the surface, the proof plane should minimize distortion of tl1e shape.

I
-=~----~=-"--~--
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FIGURE
10

FIGURE
11

For example, when the flat side of a proof plan~ is touched to a sphere
(see Figure 10), distortion of the shape is minimized; the proof plane accurately samples the charge distribution. In Figure 11, however, the edge of
the proof plane is touched to the sphere. This significantly distorts the
shape and the charge distribution. The proof plane does not accurately sample
the charge distribution in this case.
----It must always be remembered that the moment the proof plane touches the surface
to be sampled, the proof plane becomes part of the surface. The less the proof
plane changes the surface, the better.
II-C FARADAY ICE PAIL (ELS-2)
The Faraday Ice Pail operates on the principle that a charge placed inside a
conducting surface will induce an equal charge on the outside of that surface.
For example, if a charged ball were hung inside a closed coffee can, the charge
on the outside of the coffee .can would equal the charge on the ball.
The PASCO Faraday Ice Pail is a wire mesh cylinder 8 em. in diameter by 12 em.
deep with wire mesh on the bottom. The cylinder is mounted on an insulated base.
By connecting the electrometer input (red alligator clip) to the ice pail, an
excellent system for measuring charge is available. A charged object is placed
into the ice pail (but not touching the ice pail), and the electrometer indicates the potential between the ice pail and ground. The greater the charge, the
greater the potential. Thus we can easily measure relative charges by placing
the charges in the ice pail and observing the potential indicated by the electrometer. A schematic of the Faraday Ice Pail is shown in Figure 12.
The question arises (or should arise) as to whether a wire mesh cylinder is as
good as a conducting surface for a Faraday Ice Pail. This can be answered by
performing the Fi1ra dny Ice Pail experir.1ent (in the Exreriments Guide section of
this manua ·l).
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FIGURE 12
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To eliminate the problem of stray charges and AC fields, a wire mesh shield
is placed around the ice pail. The ground lead of the electrometer (black
alligator clip) is connected to the shield. When inserting the proof plane or
any other charged object into the Faraday Ice Pail, it is extremely important
that the experiGenter keep himse1f/herself grounded. This will prevent stray
charges frDm procucing erroneous readings.
·
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